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ADAPTABILITY FOR FOREST MANAGEMENT. 


Shortleaf pine possesses characteristics of growth which espe- 
cially fit it for profitable forest management throughout a large 
part of the Eastern and Southern States. Over extensive areas from 
Maryland southward and westward to the Mississippi River it 
occurs as second growth, beth in pure stands and mixed with hard- 
woods, and in the Gulf States and the central Mississippi Basin it 
forms a large proportion of the remaining virgin southern yellow 
pine. In a considerable portion of these regions shortleaf pine 
excels all other coniferous species in value and profitableness as a 
timber crop. It is one of the more important commercial pines and 

1 Frequent reference is hereafter made to Department Bulletin No. 244, ‘‘ Life History 
of Shortleaf Pine,’’ which treats in some detail of subjects of basic importance in the _ 


consideration of forest management such as size, age, soil, climatic demands, reproduc- 
tion, and growth. 


Notr.—This bulletin is of value to those who are interested in the timber supply of the 
Hastern and Southern States, and in the management of tracts of shortleaf pine for their 
highest financial returns. It will be helpful to those in the regions covered desiring to 
restock denuded pine uplands by means of sowing and planting. 
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because of the following qualities promises to supply much of the 
future timber crop: (1) Quick and persistent growth, (2) vigor 
of reproduction and high sprouting capacity during youth when 
most susceptible to serious injury, (8) quick response to increase of 
light secured by thinning, (4) characteristically tall, straight, and 
clean trunk, (5) intermediate quality of the wood, which fits it~ 
for a wide range of uses, and (6) the gregarious habit of the species © 
in pure stands, resulting in large yields of high-grade timber per — 
acre. ; 


oe el en ae a aa 


da 2 in. # 


me 


NAME. 


Shortleaf pine (Pinus echinata Mill.) is one of the important 
southern yellow pines.t It is also known by various other names, — 
such as “ yellow,” “old field,” or “rosemary ” pine in the Piedmont — 
region from Virginia to the Mississippi River; “ hill” pine in Arkan- 3 
sas and Louisiana; and “two-leaf” and “spruce” pine in other re- — 
gions. In the lumber market the wood is known mostly as shortleaf © 
or yellow pine. In the Central Atlantic States shortleaf and loblolly — 
are marketed under the trade name of “North Carolina” pine. In ~ 
other regions loblolly is usually classed, without qualification, as — 
shortleaf lumber, while shortleaf and, to a lesser extent, loblolly are 
more or less frequently graded and sold as longleaf pine. 

In the following discussion of the annual cut, standing timber, 
lumber prices, and market it will be necessary to refer to the total 
southern yellow-pine cut as a basis, since there is no complete separa- 
tion of the different species by the trade either in lumbering opera- 
tions or in the general lumber market. 


PRESENT SUPPLY. 


The Bureau of Corporations in its report on the standing timber in 
the United States, published January 20, 1913,? states that in 1909 
there were 152,100,000,000 feet of shortleaf (throughout the report 
shortleaf is used to include both shortleaf and loblolly) and 
232,300,000,000 feet of longleaf pine, or a total of 384,400,000,000 
feet of southern yellow pine, distributed as shown in Table 1. 

1The other important pines making up the southern pine lumber are longleaf pine 
(Pinus palustris Mill.) and loblolly pine (Pinus teda Linn.). Other southern pines of 
relatively small importance are slash pine (Pinus caribea Morelet), sold and classed as — 


longleaf; pond pine (Pinus serotina Michx.) ; and spruce pine (Pinus glabra Walt.), 
2The most complete timber census available. 
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TABLE 1.—Standing timber of southern yellow pine in 1909 for 11 Southern 
States. 


{Publicly owned timber not included.] ! 


Shortleaf and loblolly pine. Longleaf. 
State. oe oe Total quantity. 
Quantity. Sara Quantity. Baan 

Board feet. Per cent. Board feet. Per cent. Board feet. 
BUnbania eee e es 12, 400, 000, 000 8.2] 25,600, 000, 000 11.0 38, 000; 000, 000 
PNTATISAS ER a SS I fee 26, 000, 000, 000 BCs bal fs ee dee gtr ees er EO SG gee 2 26, 000, 000, 000 
iloridate Sewn 900, 000, 000 .6 | 58,200, 000, 000 25.1 59, 100, 000, 000 
Georgia (part).........-..--- 13, 200, 000, 000 8.7 | 18,500,000, 000 8.0 21, 700, 000, 000 
Megulisinna 862s eee 15, 200, 000, 000 10.0 | 52,500, 000, 000 22.6 67, 700, 000, 000 
Minssissippics 22. Ges Cin ae 14, 800, 000, 000 9.7} 47,600,000, 000 20.5 62, 400, 000, 000 
Missouri (part)..........-.-- 1, 100, 000, 000 = sg Neen estes eee ral DA eaearegEnTe Aa 1, 100, 000, 000 
North Carolina (part)........| 22, 700, 000, 000 14.9 2, 900, 000, 000 n2 25, 600, 000, 000 
South Carolina (part)........ 14, 600, 000, 000 9.6 4, 600, 000, 000 2.0 19, 200, 000, 000 
Hibasee tt cares ea Sui. 22, 500, 000, 000 14.8 | 22,400,000, 000 9.6 44,900, 000, 000 
Waireinial (part) 4.0.2. $622.2: 8, 700, 000, 000 ES i ksexese tabi te een rere Meee 81, 700, 000, 000 
Motels: Wee a nee 152, 100, 000, 000 100.0 | 232,300, 000, 000 100.0 | 384, 400, 000, 000 


1 Bureau of Corporations, The Lumber Industry, Part I, p. 76. 
id wee Sargent estimated merchantable stand of shortleaf in Arkansas at 41,000,000, 000 feet, Tenth 
. 8. Census. 


True shortleaf pine occurs in eight States besides those represented 
in the table, though in relatively smaller quantity. There are no 
accurate figures available of the relative proportion of loblolly and 
shortleaf. The best available estimate, based upon the distribution 
and the lumber production, places the amount of standing shortleaf 
at about 55 per cent of the combined amount of both species. On 
this basis there were in 1909 about 83,700,000,000 board feet in the 
States shown in Table 1. The report of the Bureau of Corporations 
for the same year showed that 4.1 per cent of the southern yellow 
pine was being cut annually.t. This gives for the major part of the 
11 most important States a remaining stand in 1913 of about 73,- 
400,000,000 feet. To this must be added (1) the stand of shortleaf 
in the other eight States and the parts of Virginia, North Carolina, 
South Carolina, and Georgia not included in the above computa- 
tion, (2) National Forest timber in Arkansas, and (3) the total 
increment or growth during the period, which may conservatively 
be placed at 1 per cent annually, after allowing for loss by fire and 
other causes. This gives a total of 80 billion board feet (Table 2), 
which is believed to be a conservative estimate of the present short- 
leaf-pine supply. 


1 There is reason to believe, however, that both longleaf and loblolly have been cut at a 
faster rate than shortleaf, because of their location over lowlands near the coast, 
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For the botanical and commercial range of shortleaf pine, see 
figure 1. 7 : 
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Fic, 1.—Botanical and commercial range of shortleaf pine. 
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TABLE 2.—LEstimated total stand of shortleaf pine timber in the United States 


for 1913. 
Region. Sige as ie Region. Sendue ae 
Eleven Southern States (6 States Board feet. Kentucky, Tennessee, and West | Board feet. 

and parts of 5 States) 1.........- 73, 400, 000, 000 War gimMaie. canals sac iee eee 455, 000, 000 
Virginia, North Carolina, South New Jersey, Pennsylvania, Dela- 

Carolina, and Georgia (parts) 2...| 1,144,000,000 ware, and Maryland ©........... 16,100,000 — 
National Forests of Arkansas ?....} 1,608,900,000 || Growth, 1910 to 1913, inclusive 7....| 3,000,000, 000 
Oklahoma +. 2 oes eoee eee , 200, 000, ——— 

Total ess.. ee ee 80, 824, 000, 000 


1 Based on Bureau of Corporations report ‘‘The Lumber Industry, Part I, Standing Timber.’’ (Ala- 
bama, Arkansas, Florida, Louisiana, Mississippi, and Texas; parts of Georgia, Missouri, North Carolina, 
South Carolina, and Virginia) and annual cut at rate of 4.1 per cent. ; 

2 Reports of North Carolina Geological Survey; other States estimated on basis of comparative area 
with North Carolina and known character of stand. 

8 Forest Service estimates for Arkansas (1,500,000,000 feet) and Ozark (108,900,000 feet) National Forests. 

4 Rough estimate from general knowledge of area and character of distribution. : _ 
= State report of Kentucky (195,000,000 feet) and two other States estimated on basis of comparison with 

entucky. 

6 Rough estimates by States, based upon general character of distribution and regional studies by States 
or Forest Service. 

7 Growth at rate of 1 per cent annually, after allowing for loss by fire, etc. 
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ANNUAL CUT OF SOUTHERN YELLOW PINE. 


The annual cut of southern yellow pine has for many years far 
exceeded in total amount that of any other species or group of 
Of the seven leading groups shown in 


species in the United States. 


Table 3, yellow pine furnishes annually nearly as much as the com- 
bined output of all the other groups. 


TABLE 3.—Lumber cut of the seven leading woods in the United States, in the 
order of rank in production for 1913+ 


Kind of wood. 


Yellow pine ?...... 
Douglas fir. ......-. 
die eee 
White pine.......- 
PermMOCk Fo. eT. 
Western pine.....- 


@yipress: =... 2. .25.- 


Rank Lumber sawed. 
in 
fie: Proportion of total cut of 
uc- : roportion of total cut o 
tion Quantity (M feet b. m.). all species (per cent). 
1913 1913 1912 1911 1910 1909 | 1913) 1912\ 1911 | 1910| 1909 
1/14, 839, 363|14, 737, 052|12, 896, 706/14, 143, 471/16, 277, 185} 38.7) 37.6) 34.9] 35.3] 36.6 
2) 5,556, 096} 5, 175, 123} 5, 054, 243] 5, 203, 644] 4, 856,378] 14.5] 13.2] 13.7] 13.0; 10.9 
3| 3,211, 718) 3,318, 952) 3,098, 444] 3,522,098) 4,414,457] 8.4} 8.5) 8.4) 8.8] 9.9 
4{ 2,568, 636] 3,138, 227] 3, 230, 584) 3,352, 183] 3,900,034] 6.7) 8.0} 8.7) 8.4] 8.8 
5} 2,319, 982] 2, 426, 554] 2,555, 308) 2, 836, 129) 3,051,399) 6.0] 6.2] 6.9} 7.1) 6.9 
6| 1,258, 528] 1,219, 444| 1,330, 700] 1,562,106] 1,499,985} 3.3] 3.1] 3.6} 3.9] 3.4 
7| 1,097,247) 997,227) 981,527} 935,659) 955,635] 2.9] 2.5] 2.7) 2.3] 2.1 


38, 387, 009|39, 158, 414/37, 003, 207/40, 018, 282/44, 509, 761|100. 0/100. 0/100. 0/10 


| 


> 


1 Bureau of Census reports in cooperation with Forest Service, 1909-1912; Bureau of Crop Estimates 
in cooperation with Forest Service, 1913. 

2 All southern yellow pine except a very small amount of pitch pine and scrub pine in the Middle and 
North Atlantic States. 

3 Total of all woods (about 40 species). 


The cut of yellow pine ranged from 36.6 per cent of the entire cut 
of the country in 1909 to 38.7 per cent in 1913, when it amounted to 
14,839,363 board feet. Of the eight States holding highest rank in 
1913 in timber production, five owe their importance chiefly to their 
output of yellow pine, of which a large proportion is shortleaf. 
The production of yellow pine by States in 1913 is shown in Table 4. 


TABLE 4.—Production of yellow-pine lumber in 1913 by States. 


State. 


United States. 


Louisiana.......... 
Mississippi.......-. 


PRO KASS 00 ssl k ccs 


um- 
ver, ber of 
Quantity. | age of eoue 
otal TopSrE. 
cut art 
Board feet. Per ct 
14, 839, 363,000 |100.00 | 7,639 
3, 092,375,000 | 20.8 299 
2, 224,711,000 | 15.0 540 
-| 2,024, 231,000 | 13.7 317 
1,515,102,000| 10.2] 1,522 
.| 1,395,059,000 | 9.4 744 
-| 1,174, 498, 000 7.9 467 
A 923, 873, 000 6.2 193 


State. Quantity. 

Board feet. 
Walyentb pose desasoas 810, 362, 000 
Georgiataee. -cieseee 662, 043, 000 
South Carolina..... 635, 426, 000 
Oklahoma.......... 120, 860, 000 
Moarylandio23 232... 65, 143, 000 
Tennessee......-..- 60, 137, 000 
MisSouniee > See s-eee 57, 023, 000 
All others2......... 78, 520, 000 


1 Bureau of Crop Estimates and Forest Service, U. S. Department of Agriculture. 
2 Includes establishments distributed as follows: Connecticut, 24; Delaware, 35; Illinois, 3; Indiana, 2; 


Towa, 2; Kentucky 


Pennsylvania, 193; 


195; Maine 


25; Massachusetts, 30; New Hampshire, 3; New Jersey, 46; Ohio, 25; 
Rhode Island, 6; Vermont, 3; and West Virginia, 86. 
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ESTIMATE FOR SHORTLEAF PINE. 


An estimate based on the assumption that the rate of cut of each © 


species of southern yellow pine is approximately proportional to the 
stand would place the total lumber cut of shortleaf in 1913 at 22 per 
cent of the total southern yellow pine lumber cut, or 3,264,660,000 
board feet. | 

Another estimate may be made by taking 4.1 per cent + of the esti- 
mated total stand in 1913 (Table 2). This would place the cut at 
3,313,784,000 board feet of saw timber, a difference of only 1.5 per 
cent from the first estimate. A complete calculation would take into 
account the timber cut for poles, ties, piling, and other uses, although 
for some of these uses longleaf, because more resinous, is doubtless 
more extensively used. It is believed that about 3,500,000,000 board 
feet is a fairly good estimate of the present total annual cut of short- 
leaf pine. 

Certain regional facts throw a good deal of light upon the ques- 
tion. For example, the percentage of shortleaf cut has rapidly in- 
creased in some sections of the South through the extension of steam 


logging roads into the hilly country. Many mills throughout Arkan- - 


sas and adjoining States which formerly cut a good deal of loblolly 
pine from the low, flat country are now drawing much of their timber 
supply from shortleaf growing in the uplands. In the same manner 
shortleaf in the southern Appalachians is becoming accessible. Fur- 
ther, the cut of second growth in old field stands has increased by 
leaps during the past five years. In the central Atlantic States a 
region of heavy lumber production lies over the coastal plain where 
loblolly pine occurs in heavy stands. Larger areas of shortleaf, how- 
ever, occur in these same States, although the cut is perhaps lighter 
than that of loblolly. The yellow pine cut from a large geographical 


region covering both the Piedmont and the lower slopes of the Ap- | 


palachians consists almost exclusively of shortleaf pine. 


THE WOOD. 


PHYSICAL CHARACTERISTICS. 


The wood of shortleaf pine is straight fibered, uneven textured 
with alternate hard and soft concentric rings, resinous, and mod- 
erately heavy, hard, and rapid growing. The heartwood is light red- 
dish or orange in color and is clearly defined from the nearly white 
sapwood. 

The weight of oven-dry shortleaf averages about 34 pounds per 
cubic foot. <Air-dry wood (15 per cent moisture) averages about 38 


1 The rate at which southern yellow pine was being cut in 1909. 
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pounds, but varies in accordance with the moisture content, which 
ranges from 12 to 18 per cent. Green shortleaf in the log averages 
45.5 pounds per cubic foot, with a moisture content of 31 per cent for 
heart and 88 per cent for sapwood. The loss of weight in drying 
amounts to about 25 per cent for the heartwood and about 60 per cent 
for the sapwood. In passing from a green to an oven-dry condition 
the wood shrinks about 12 per cent in volume, about one-third of 
which occurs in passing from the green to the air-dry (15 per cent) 
condition. ‘The density of absolutely dry wood is variable, its specific 
gravity being from 0.48 to about 0.56.1. This difference in density 
seems largely due to the varying conditions of growth over its wide 
geographic range. 

In resin content shortleaf ranks lower than longleaf pine and 
about the same as loblolly, although all are variable, and the amount 
of difference has not been definitely determined. When the sapwood 
of shortleaf is freshly cut limpid resin oozes out freely. Occasionally 
the heartwood and normally the bases of all large limbs become 
highly impregnated with resin and furnish “ lightwood” and “ pine 
knots,” extensively used for firewood. In fuel value shortleaf aver- 
ages about 12 per cent below longleaf, of which 1 cord is approxi- 
mately equivalent to a ton of coal. This is largely due to the differ- 
ence in the average density of the two woods. For woods of the 
same weight per cord of the two species it is believed there is little 
difference, if any, in heat producing power.’ 

The wood varies somewhat in hardness, and in some regions is 

moderately soft. In its southern range it averages about as hard as 
longleaf pine when there is the same proportion of summer wood 
in the annual rings. The wood grown in the more northern regions 
or at higher altitudes in the southern region seems to be softer. 
The width of the rings is greatest in early life. Ten to twelve 
rings to the inch is an average rate of growth during the middle 
period, say from 60 to 140 years. Within the individual annual 
ring, the transition from the spring to the summer wood is normally 
quite abrupt, giving the annual ring the appearance of two sharply 
defined lines or bands. In young and rapid-growing trees and in 
those growing where the summers are short, the transition is com- 
monly more gradual. 

Since the fibers are straight and do not interlock, the oot 1s 
straight grained, easy to split and but slightly subject to warp and 
check in drying. The wood is easily worked, may be given a good 
finish, and takes paint and wood preservative well. The contrast 


1 Latter figure not definitely determined. 
2 Forest Products Laboratory, Madison, Wis. 
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between the hard and soft layers in each annual ring oives the wood 
a very pleasing figured effect. 

Even under a high-power microscope the woods of the important 
southern pines appear strikingly similar though not identical in 
structure. With a view of bringing out the features helpful in dis- _ 
tinguishing the wood of shortleaf pine from the other important 
southern pines, a brief summary of characteristics is given in Table 5. 


TABLE 5.—Average physical properties of the important southern pines. 


ae ae Cubic Moisture content. 
Grain (compara- 
Width| tive width and Air- Green. Air-dry.2 
Species. of |number ofannual| Resin content. dry 
sap- SES per (45 
wood. inch).1 Green.| per yroa 
cent 
Ane Heart.| Sap. | Heart.| Sap. 
ture) 
Inches. Libs.) Gbs:\ Lbs. |B. chy. cba) Pei Pace 
Longleaf| 2to3| Narrowest | Veryabundant.| 52.5 | 43.5 | 39.0] 34.0] 95.5 15 15 
pine. aol rings): 
Slashipimes-|oitOGe| Wade! -<--s= 22 -|- dois - 52.5 | 45.0 | 41.5] 32.5 | 84.0 15 15 
Shortleaf| 3to4 VGomiedintd Moderate.......| 45.5 | 38.0 | 31.0] 31.0 | 88.5 15 15 
pine - (11 rings). 
Loblolly | 3to6| Widest G EINngs)-|-eee doa 54.0 | 39.0 | 36.0] 36.0] 82.0 15 15 


pine. 


1 Variable in ail species so that rapid-growing longleaf might be taken for any of the others. This order - 
prevails in the average. 7 

2 ee and sap will ultimately reach the same moisture content if thoroughly air dried under the same 
conditions. 


DURABILITY AND PRESERVATIVE TREATMENT. 


Shortleaf pine is only moderately durable in contact with the — 
soil. The presence of a large amount of resin, as in “ light wood,” 
is commonly thought to increase materially the natural durability of — 
the wood. Sapwood is much less durable than heartwood; it can not 
ordinarily be expected to last over two or three years, while good — 
heartwood may last seven or eight years. When not in contact with 
the soil or under conditions particularly conducive to decay, the wood 
has given good satisfaction. _ 

By proper preservative treatment the durability of short-leaf pine 
can be very materially increased. Wood preservation is discussed in 
a number of publications, among which are Forest Service Bulletins 
78, 84, 107, 118, and Circular 209. 


MECHANICAL PROPERTIES. 


The wood of shortleaf pine is strong and stiff and therefore very 
valuable for structural timber. It often contains the same number — 
of rings per inch and is very similar in wood structure to longleaf 
pine, which holds first place among the southern pines used for this 
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F-13191A 
Fic. 1.—-VIEW THROUGH THE TOPS OF THE TREES SHOWN BELOW. 


F-13192A 


Fia. 2.—LOWER PORTION OF TRUNKS. TREES 160 YEARS OLD, 20 To 28 INCHES IN 
DIAMETER, AND ABOUT 110 FEET IN HEIGHT. 


TWO VIEWS OF A GROUP OF MATURE SHORTLEAF PINE TREES, 
SHOWING THE NARROW CROWN AND STRAIGHT CLEAN BOLE 
TYPICAL OF THE SPECIES. 


PLATE ll. 
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GROSS CHARACTER OF SHORTLEAF PINE IN CROSS SECTION. 
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FIG. 1.—A 70-YEAR-OLD SHORTLEAF PINE STAND IN NEW JERSEY, WELL THINNED 
AND ALL THE THINNINGS FULLY UTILIZED. 


ae re e 
F-14610A 


Fia. 2.—WASTEFUL LOGGING OF SHORTLEAF PINE IN SOUTH CAROLINA BY LEAVING 
MUCH HIGH-GRADE MATERIAL IN STUMPS. STRONG MARKET DEMAND FOR EVERY- 
THING DOWN TO 2 INCHES FOR CORDWOOD. 


THINNING AND UTILIZATION OF SHORTLEAF PINE. 
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Fia. 1.—SECOND-GROWTH LIMBY TOP LEFT ON ACCOUNT OF POOR GRADE OF TIMBER: 
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F-13185A 


Fig. 2.—YIELD OF 18,000 BoarRD FEET PER ACRE IN 60-YEAR-OLD SHORTLEAF 
FOREST STAND. 


LOGGING SECOND-GROWTH SHORTLEAF PINE. 
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purpose. Other woods much used for structural timbers are Doug- 
las fir, western hemlock, tamarack, Norway pine, loblolly pine, and 
western larch. Comparative tests of these in both a green and an 
air-seasoned condition, and for both structural sizes and small, clear, 
straight-grained pieces,’ give shortleaf a relatively high place in all 
strength values, including bending, compression, and shearing. ‘The 
values found in the various tests are shown in Table 6: 


TABLE 6.—Average strength values of shortleaf pine, air seasoned, and green 
structural timbers with ordinary defects, and small, clear specimens cut from 
them. 


Com- 
: pression 
Bending. Compression. a berellel to perpen-| Shear. 
g : dicular 
: Hori- to grain. 
Condition and ae yee 
size. F . : 
inch.| per Fiber Medu- -  |!Crushing| Modu- p 
sq. in. |stress at Magu: lus of Prusbing strength] lus of ieee Shearing 
elastic arene elas- ae Macc at maxi-| elas- Pwolnatic strength 
limit Pp ticity limit per|, @U™ ticity lamitnen 
Den renin per :PeT Toad per; per a sq. in. 
squimy | a: |'sqsin. rod lasqueine: |sqrtin. jecsaos 
Air seasoned struc- Pounds.| Pounds.|Pounds.|1,0001bs.| Pounds. | Pounds. |1,0001bs.| Pounds. | Pounds. 
tural sizes....... 12.4 364 | 4,675 | 6,57: 1,726 4,070 6,030} 1,961 W9Gs|R Se ee See 
Small specimens. -|......]........ et80y | 1250200) si92 \o.2o 2 6,380 |........ 926 1,135 
1G) Oe ee S| Pa ae ace ee ae 60 54 OG) se ciieat. al a eric SO zene: 
Green structural 
Sizes. Pb clrey t 12.1 332 | 3,237 | 5,548| 1,473] 2,460] 3,435] 1,548 350 [ada 
Small specimens. .|......]........ ASSO feeds MLO py Ue 395, |eaeo sie BYU osodoce 400 704 
+) ARMA Sa aan elem eaters Sete 74 72 LOG) 352: 96. Fag tstess| Soom EOnG 


1 Tables 1, 2, and 10 to 15, Forest Service Bulletin 108, ‘‘ Tests of Structural Timbers.’’ 


Though true longleaf pine averages heavier, stronger, and tougher, 
many pieces of shortleaf have greater density, strength, and tough- 
ness than the average longleaf pine. Also some longleaf pine lacks 
density and is weaker than the average of the other species, the den- 
sity or dry weight of the wood being a much better criterion of the 
strength than the species. 


USES.? 


The general uses of shortleaf pine are as varied as those of long- 
leaf and the two go together without preference or prejudice for many 
purposes. For heavy building and structural work, however, where 
the architect desires timber to sustain pressure and withstand shocks, 
longleaf is usually preferred. Because of a high degree of strength 
and elasticity, the heavier classes of shortleaf* are being substituted 
for longleaf and are giving practically the same service. This recent 


1 Conducted by the Forest Products Laboratory, Madison, Wis. 

* Based in part upon State cooperative wood manufacturing studies and Forest Service 
Bulletin 99, “ Uses of the Commercial Woods of the United States: Pines,” pages 17 to 20. 

’ Timber having the same density as longleaf. rs 
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change is due chiefly to the recognition of the relation between the ~ 


strength and the density of the wood. 


Shortleaf pine is one of the chief house-building materials through- 


out the eastern and middle western United States. It is used both for 
house frames and for finish, including ceiling, weather boarding, 
wainscoting, baseboards, cornice, carved work, railing, panels, sash 
and doors, window and door frames and casing. The grain is hand- 
some and shows well in natural finish or when stained. Because of its 
wearing qualities, pleasing appearance, and ready response to oils, 
wax, and other floor finishes and dressings, a good deal of shortleaf 
is made into flooring. Many of the large lumber mills of the South, 


particularly Louisiana, Arkansas, and Texas, advertise shortleaf pine 
as a specialty for finishing lumber and are producing it in great quan- 


tities and in many forms. 

Furniture manufacturers find siertleat an admirable wood for 
frames for couches, lounges, tables, large chairs, stands, and desks. 
It is also used for veneer in box, crate, and basket manufacture, and 


for excelsior and slack cooperage,t in agricultural machinery and ~ 
tools, wagon bottoms and cart beds, hoppers, drawers, boxes, chutes, — 
and compartments in fanning mills, corn shellers, grain drills, and in 
numerous other labor-saving machines and devices. Large quantities — 


are used in car construction for roofing and siding. Railroad com- 
panies buy a large amount, of which the heavier kinds are used, with 
longleaf, in bridge and trestle work, and the rest for track timber, 
piling and crossties, usually treated with wood preservatives. Asa 
material for ship and boat building, shortleaf has held a prominent 
place during the past two centuries not only along the coast within a 
hundred miles or so of the supply, but in practically all boat building 
ports east of the Rocky Mountains. It is worked into nearly every- 
thing of wood that is required in modern boat building. 

The southern pines seem particularly adapted for the manufac- 
ture at low cost of strong, brown wrapping, or “kraft” papers.? 
The wood fibers are long and thick walled, and the wood has high 
specific gravity, implying large yields of pulp per cord. Several 
species of pine are now used in large quantities for the making of 
various kinds of wrapping paper, including kraft, and also for the 
manufacture of white book paper. Small timber and woods and 
mill waste are used for this purpose. Through recent development 

iThe quantities of shortleaf made into veneer, crates, baskets, excelsior, cooperage, 


crossties, and piling are not known because the southern yellow pines so used are not 
listed separately. 

2 The importance of this class of paper is shown by the fact that wrapping paper stands 
third among the paper products of the United States, the amount and value being less 
than that of news and book papers only. In 1909 the production of wrapping papers of 
all kinds aggregated 764,000 short tons, with a value of $42,296,000. The value of wrap- 
ping paper imported in 1912 was $846,500. 
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jin Europe, especially Sweden and Norway, of the sulphate process, 
the superior quality of paper made from resinous woods has brought 
attention to shortleaf, along with the other southern pines, as an 
important source of pulp in this country.* 

With the use of either the sulphate or the soda process, the presence 
of knots, pitch pockets, and streaks, and remnants of decayed wood 
and bark is not very objectionable. Mill waste, consisting of slab 
edgings and trimmings, logs and tops left in the woods, and small 
logs which are now cut with little or no profit would supply a very 
large amount of raw material for pulp making. It costs more, how- 
ever, to handle and prepare slabs and pieces of irregular shape than 
round pieces. Experiments? with longleaf pine have shown con- 
clusively that it is well adapted for the manufacture of natural- 
color kraft pulps and papers, equal in quality to the imported and 

domestic kraft papers now on the market. Because of the close 
- similarity of the wood of shortleaf to that of longleaf, it seems quite 
probable that further experiments will show a like suitability of 
shortleaf for this class of papers, except perhaps that it may 
produce less pulp per cord because of the difference in specific 
gravity of the two pines. 


LUMBER INDUSTRY. 
LOGGING AND MILLING. 


The methods of logging and milling naturally show wide varia- 
tions over a territory so extensive and representing so many different 
market conditions. Logging is still done by oxen to a considerable 
extent in the rougher lands of the southern Appalachians. Here the 
spring and fall months are usually chosen for operations. Steam 
skidders are not so much in use in logging shortleaf as in logging 
longleaf and loblolly pines, which belong to the lower level country. 
Teams do the majority of the hauling to the temporary logging 
spurs. 

The small mill with a planer, located near some town center and 
producing timber for building and general construction for the 
neighborhood, and the portable mill are the most typical forms of 
manufacture in the great region of second growth in the eastern 
United States. Such mills usually have a daily capacity of 5 to 10 
thousand feet. In the virgin pine country the mills more often rep- 
resent a good-sized fixed investment and operating capital. The 
equipment includes logging railroads and buildings, machinery, 


1 Based upon Bulletin 72, U. 8. Department of Agriculture, ‘“ Suitability of Longleaf 
Pine for Paper Pulp.” 


2 Conducted by Forest Products Laboratory, Madison, Wis. 
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teams, and other logging appliances. With the retreat of the source © 
of timber farther back into the hills many roads which at the start — 
were purely railroad logging trams have been improved and organ- © 
ized as common carriers. Many mills in the Central South arehauling © 
logs from 50 to 80 miles over their own rails, and some over 100 miles. 
As a rule the cost of handling prevents the separation of the rough ~ 
milling from the finishing operations, and practically all of the mills 
in the Mississippi region manufacture large amounts of the stand- 


ard forms of finished products. The larger mills commonly have ~ 


two band saws, and the largest ones employ gang saws in addition. © 
The capacities are mostly from 100 to 150 thousand feet in an ordi- 
nary working day, while the largest mills can turn out about 300 
thousand feet a day. 

COST. 


The straight stem, the small crown, the clear and straight-grained 
character of the wood, and the gregarious habit of the tree make 
the cost of lumbering shortleaf pine relatively low. Large yields 
per acre afford opportunity for economy in method and equipment. — 
On the other hand, the occurrence of shortleaf over rolling or hilly 
lands would tend to increase logging costs and the home of longleaf 
and loblolly over the low coastal plain affords easier logging and 
shorter hauls to seagoing transportation for the finished product. 

The cost of manufacture in three representative regions—New 
Jersey, South Carolina, and Arkansas—is given below. A lumber- 
ing operation on private land within the Lebanon State Reserve, 
Burlington County, N. J., costs about 70 cents for cutting, $3.50 for 
hauling logs 3 miles to the mill, and $4 for milling. With the addi- 
tion of 60 cents for depreciation the total cost was $8.80 per thousand 
feet of rough lumber. The timber was mostly 70 to 110 years old. 

In the uplands of South Carolina logging and sawing rough pine 
lumber by portable mills in small tracts often cost not more than 
from $5 to $7 per thousand feet. The mills are small and most of 
the output is roughly manufactured. 

In the virgin shortleaf forest region from Alabama to Texas—for 
the past 10 or 15 years the greatest yellow-pine lumbering region of 
the United States—lumbering is on a comparatively permanent basis. 
In general, the cost of logging may be placed at from $4 to $7 per 
thousand feet and milling at $6 to $8, under average conditions and 
good management in the upland shortleaf regions. In this connec- 
tion the itemized manufacturing costs of 30 mills cutting shortleaf 
timber in central and western Arkansas, shown in Table 7, will 
be interesting. The average cost of logging was $5.47 and mill- 
ing $7.22, or a total cost of the finished timber aboard the car of 
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$12.69. The labor is more largely negro than white, logging is in 
hilly country, with contract team hauling, and usually railroad log- 
ging spurs built up the larger depressions or drainage tributaries 
with rail hauls of 10 to 40 miles. 


TABLE 7.—Average cost of manufacture of shortleaf pine by 30 mills. 


Range of costs nee 
Operation. per pe cae Meboard 
e feet. 

Logging: Dollars. | Dollars. 
Cat TT eae pe ose nies Wa Sercisicieidalisalspa olnereialuve sjeldisicineelsicce bye se oles 0. 28 to 1.00 0. 63 
EVaUMIM PRG Mbeams apes ee Sas i ae ote. sciele « Siciaieie sieiiatctne elem Sears aimee 1.00 to 4. 56 2.24 
IE OAM AYO TMICATS eee ee spe ay ee west aE alec, germ nieeilcls Saleieveca,b dGinierete an sinne cleo Sinise Ste -17 to 1.50 48 
Tecpel oyey | Tokay ol Aes CSA ga a ta cage ep Ie a eg ec ea eS 1.00 to 5. 49 1.94 
Ovenkeadie@hanee sie we aed PARERNNR EEC ees Se ead Pa ee a ke -08 to .25 .18 
ba) eee er ee EPS opus fons ata a ae ayes aye Sn aterats miarereiniale toe stsieialals'« e:eisisi|(o sig'e bistaie ere eect 5.47 
Milling: a 
Sat yin eae ee eee YG Shue ee tere RM Oe ea be oie cibaaetele mated 1.10 to 3.00 1.74 
ROM oe Gidtidd Gos Bee tts et I OA a ie a nae Mier aie ae oe tee ae Lae -11 to 1.50 -73 
IPIBIINDIRS 5 eo aban Soe Sel TE RM COTE BSS ate eee a ee eS ae . 64 to 3.00 1. 46 
Hauling with teams...-...-.....----- 5 el SE SRR nN ie a LEP CA ph -55 to 3. 00 1.42 
ZO ACIN CCONNCATS eee Ss eek oot Pa wee, Mien iemecey sake ey . unfst suk eye SONS -20 to .75 . 40 
Owner hneadtehange me meneame ease ac Se a aah ania moe ee SN EE a 35 to 3. 82 1.47 
UNG Ss SS G35 5 Gb bop OE aoe OS SIAR Re Rae is MOM see a een Ot nape Gam Ra ISiare a SER rN [yin eo Piensa 7.22 
Ahotallogein tar dimalllamcs vase oe Mee Ee ap Soe og se de tsb eagle Bialiels ujeisinidalgiste sels 2s 12.69 


1 Logging mostly in hilly country and milling by both large and small permanent mills in central and 
western Arkansas in 1912. 

On the National Forests of Arkansas, portable mills with daily 
capacities of 10 to 20 thousand board feet saw the bulk of the timber. 
These mills cut about 2 million feet to each set, and thus greatly 
reduce the high cost of the log haul in rough country. Generally 
each company has its own planers at the most convenient railroad 
point, to which the rough lumber is hauled for distances of from 6 to 
15 miles. In some sections smaller mills cutting 5 to 7 thousand feet 
daily are the prevailing type. The capital represented by these mills 
averages from $5,000 to $8,000 each. The ownership of the land is 
composite and the government timber is more or less cut up with 
small private holdings in various stages of development. The log- 
ging and milling costs do not vary widely and the present lumber 
prices are such as to allow net returns of 16 to 22 per cent on the full 
interest-bearing investment. A careful study of five companies oper- 
ating on the Arkansas National Forest shows an average total cost, 
exclusive of stumpage, of $11.07 f. 0. b. cars for finished lumber. 
The costs shown in Table 8 are for one of the representative mills 
working where the timber is scattered in the hilly portions of western 
Arkansas. The cost of operation, $10.70 per thousand feet, was next 
to the lowest for five companies in a region where the highest cost was 


1 Reports by Messrs. Dorr Skeels and Quincy Randles, of the Forest Service, spring of 
1913. 
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about $11.50. The figures indicate the various factors considered in 
logging and manufacture and the cost of operations in cutting 16 
million feet of shortleaf pine during a period of 4 years with 10 set- 
tings of a mill having a daily capacity of 20 thousand feet. The 
timber runs 2 to 3 logs per tree and 8 to 10 logs per thousand, and 
occurs mostly either in small groups or widely scattered over an area 
of 18,000 acres divided by a range of low mountains into two natural 
logging units. The lumber haul to the railroad is from 5 to 11 miles. 


TABLE 8.—TItiemized cost of manufacturing shortleaf pine on the Arkansas 
National Forest. 


Cost per thousand 


board feet. 


Cost of rough lumber on kilns at sawmill (distributed below) ----________ $5.47 


Investment, depreciation, interest, and labor on logging and 
sawmill: 
Two sawmills fully equipped and set up, $6,000 at 7 per 
cenp- depreciation -52* 20. "aa ee eee $0. 10 
Sixteen logging teams, wagons, harness, and chains, $8,000 
atl, per cent depreciation = 22 22 ee ee .30 
Moving sawmill, 10 sets at $300, and 100 miles logging roads 
at $30 per mile, average yearly investment of $1,500____ .38 
Total investment of $15,500: interest at 6 per cent on 
A SEES O74 ( i a aR aN Faye MGEPES Ee EON a .19 
Felling, bucking, and brush disposal_____________________ 1. 00 
Labor, team maintenance, bucking, loading, log haul 14 
MHWeSy) Fert 2 Ae er a Soy ee bes Stee ee 2. 00 
Labor, sawing, and smoke-kiln drying__~_-_______________ 156 
Lumber haul, 8 miles partly over rough roads, 8 trips in 2 days__________ 3.13 
Planer (distributed as follows: chargeable against 60,000,000 feet annual 
CUE) eet Se ee ee 1.47 
Investment— 
Planer, $10,000; real estate, $3,000; lumber in yards, 
$4,500; lumber at mills, $1,500; accounts receivable, 
$6,000 ; total, $25,000. Interest on $25,000 at 6 per cent, 
depreciation on $10,000 (value planer) at T per cent____ .37 
Labor— 
20 men per day (5 counted as lay-off time) at $1.75______ 1.10 
General overhead charges: Taxes, $600; insurance, $750; superintendence, 
$1,200 ; bookkeeper, $900; supplies and repairs, $600; and general office 
expenses, $200: total; '$4,250i0 2 a ee ee eee . 63 


10. 70 


The average cost of manufacture, exclusive of stumpage, was 
$11.07 for five large portable mills averaging 3.5 million feet an- 
nually and representing an interest-bearing capital of $33,300 each. 
This cost of operation plus stumpage averaging $2.59 gives the total 


1 Fifteen thousand five hundred dollars mirus one-half the investment retired in 3 years, 
or $2,430, equals $13,070. Mill cutting 4,000,000 feet per year. 
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cost of finished lumber as $13.66. At current selling prices (April, 
May, 1913) of $15.75, this yielded a net profit of $2.09 per thousand 
feet, or total annual net earnings of $7,315. This represents clear 
profits of 21 to 24 per cent, or an average of 22 per cent, for the 


five companies. 
WASTE. 


The degree of utilization in the logging, manufacture, and general 
use of shortleaf pine varies widely. On the whole, the utilization 
is comparatively close throughout its range. In the uplands of the 
coastal Atlantic and Gulf States practically all of the product finds a 
ready market. The poorer class of timber is used locally, and the 
day of clearing off lands by destructive fires ceased in this region long 
ago. Almost paradoxical, however, is the waste in one particular 
feature of logging in some of the more progressive regions. As an 
illustration, in Pickens County, in the upper Piedmont of South 
Carolina, stumps of mature shortleaf pine were cut from 20 to 34 
inches in height (March, 1913), where everything of the smaller sizes 
down to 2 inches in diameter was being corded and shipped by rail 
for fuel. Thus, clear and high-priced timber was being left where 
there was a paying market demand for even the small topwood. The 
cause for this condition was given by the operator as the impossibility 
of changing the old-time habits of the negro labor of cutting high 
stumps. ‘Two stumps, 28 and 30 inches high, shown in Plate IIT 
scaled a total of 38 board feet (Doyle log rule) above a stump height 
of 12 inches, and were worth $0.19 at a stumpage rate of $5 per thou- 
sand feet.1 Measurements on an average acre gave 30 stumps con- 
taining an average of 9 board feet each above a maximum stump 
height of 12 inches, or a value of $1.35 per acre. This represents 
practically a clear loss due to careless logging of not less than $270 
on the tract of 200 acres. 

In contrast, the operators of the Mississippi Valley region are cut- 
ting to a maximum stump height of 12 inches, and small trees up to 
15 inches in diameter are taken mostly at 8 to 10 inches. On the other 
hand, in very many cases they do not take the log or logs in the crown 
above about the second limb. Top diameters of 12 to 16 inches were 
common in representative mature cuttings in Pike County, Ark., in 
the fall of 1912. Ina well-stocked stand, 150 years old, 380 logs were 
taken and 100 logs left per acre in the tops because of the lower grade 
of timber. The top logs taken ranged from 16 down to 9 inches and 
averaged 11.6 inches in diameter at the small end. The diameters of 
the top logs left in the woods averaged 9.8 inches and ranged from 13 
down to 8 inches. The number of logs taken and left per acre, and 


1A conservative price for clear material in butt logs. 
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their volume and value at assigned stump prices in logging well- 


stocked stands of various ages, are shown in Table 9. 


TABLE 9.—Utilization and waste in logging well-stocked forest stands of short- 
leaf pine in Arkansas. 


Logs taken. Logs left. 
Diameter inside . Diameter inside : 
bark of top log. Scribner. | Doyle. bar’ of top log. Scribner. Doyle. 
g a oD oD g ~~: ad 
S| g dis |2eab Sele ean ie 
= =) ® 5 + os oa |e ro) = Z mn 2 m 
e181 Shs | 8 len) Blog be) 12 a4 b4ce) 2 oe 
a | @ | 4°] @ lal a |2a/ a tearay se | Ss |e le Teo eS ges 
ee | 2 S > |e] 8 |'3 ame a: Spee pls aq [33] 8 ia 
< = = << |/=/]0 {> So lS | = < = CO |Fel oo | Fs 
Yrs In. | In. | In.|Bd:ft.|Dolls.|Bd.ft.| Dolls. In. | In. | In. |Bd.ft.| Dolls. |Bd.ft.| Dolls. 
65} 160 15} 9.3] 6] 7,845) 23.54) 5,815] 17.44! 45 10} 8.0 7| 760) 1.141 441] 0.66 
75| 270 1 9.1 7|/14, 580) 43. 74/10, 856} 32.57) 75 aly Bre) 7}. 1,160} 1.74) 637) .96 
150} 388 16] 11.6) 9/48, 150/144. 45 40, 290/120. 87) 100 13) 9.8 8} 2,640} 3.96) 1,912) 2.87 
160} 470 15} 11.1 8/53, 010}159. 03/45, 090/135. 27; 70 10] 8.7 8} 1,840} 2.76) 1,208) 1.81 
170} 229 16} 11.3 7\23, 619] 70.36/20, 133) 60.40) 63 12) 86 7| 1,680) 2.52) 1,107) 1.66 
180} 220 21) 15.0) 8/39, 780/119. 34/85, 906)107. 72) 84 15 9.7 8| 4,096} 6.14) 3,197) 4.80 


1 Measurements taken in November, 1912, on seven plots representing six different age classes. 
2'Ten per cent deducted for defects in logs taken. 
3 Twenty per cent deducted for defects in logs leit. 

Under the best conditions of market the utilization of top logs 
runs higher than is shown in Table 9. Where there are log hauls of 
50 to 90 miles over railroads, now necessary for many of the larger 
mills, there is small profit in manufacturing the lower grades. In 
the flat, easily logged regions, straight and clear boles are taken 
for saw timber down to as low as 5 inches, and sometimes less. In 
much private lumbering practically everything straight and clear is 
taken. Asa northern Louisiana operator said, “we take everything 
that will make two slabs and sawdust.” This policy, which removes 
the chief basis for a second cut, is being pursued for the alleged 
reason that fire gets what the lumberman leaves. There is a wide 


difference of opinion in regard to the subsequent damage and loss by 


fire. Mr. L. J. Witherspoon, Womble, Ark., found by counts that in 
five years heavily cut tracts lost by all the combined destructive 
agencies only from 5 to 15 per cent of the trees above 3 inches in 
diameter. 

Inspection and grading that would include as merchantable lum- 
ber short lengths down to 4 feet and provide for odd lengths through- 
out up to 24 feet would result in a very large reduction of present 
milling waste. Short lengths of the clearest lumber in the tree in 
the form of slabs now go to making steam because of the present 
limitations; for the same reason many logs are now left in the tops. 
In most cases this is the result of haste and a desire to secure quantity 
rather than quality through careful grading. Better utilization 
would mean also remodeling plants and adding machinery for re- 
manufacturing the product. The utilization of waste wood by 


= 
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chemical methods is making rapid progress, particularly in the resin- 
ous woods. Stumps and knots of shortleaf often become highly 
impregnated with resin, though in general its low resin content makes 
it less valuable than longleaf for use in resinous-wood distillation. 


GRADES. 


The tall, clean bole of shortleaf pine and relatively low suscepti- 
- bility to injurious fungi, permit a high percentage of the upper 
grades of lumber. In the region of heavy production of virgin 
pine the rough lumber from the saw is commonly thrown into the 
five grades of clear, and Nos. 1, 2, 8, and 4 common. The lowest 
qualities come from the small portable sawmills in the farming dis- 
tricts, where the cut is mostly from second growth or culled land. 
_ The great bulk of the cut of shortleaf in Mississippi, Alabama, and 
Georgia as well as Arkansas and Louisiana is probably well repre- 
sented by the third distribution given in the following table: 


TABLE 10.—Average mill cut by grades of shortleaf pine west of Mississippt 
River.’ 


(Percentage of total cut.] 


Grades of rough lumber. 


Locality. Clear 
stock “B} No.1 No. 2 Nos 


and 4 Total. 
and pet common. | common. | .ommon. 


———— | | 


Best timber in most favorable region (Clark County, | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

PANT ws) eyebaree yen 3 Sued aR Ma PL CH Se 2D ee he NE ae 36.9 45.9 11.0 6.2 100 
Good timber along Tron Mountain R. R. (Arkansas). 35 40 19 6 100 
Good timber in hilly shortleaf region. Average for 

74 guts March 1 to October 15, 1912 (Pike 

OME ep PAT Kem) emer teh rs Ecce at . CSSE Se Solace oe sat 32 - 39.9 17.3 10.8 100 
Small portable mills in farming districts (western 

PATICATISAS) jeter se eisai: aia SSE CESS chin Sale bb eee dae ce 20 48 29 3 100 


1 Based upon information furnished by lumber companies in the region covered. 


In general shortleaf cuts from 30 to 85 per cent of clear stock 
(“B and better”), 40 to 50 per cent of No. 1 common, 15 to 30 per 
cent of No. 2 common, and 5 to 10 per cent of the two lower grades of 
common lumber. On account of defects which develop later some- 
what less is actually marketed. 

In cutting the second-growth stands in the Piedmont region, 
httle attention is given to grading by the small operators. Larger 
operators, however, find it profitable to grade the stock from the 
saw. Often two grades, sap and heart pine, are roughly made by the 
small mills with an assigned difference of $5 to $6 per thousand feet 
in price. 

In the Mississippi Valley the product is graded by the rules of 
the Southern Pine Association, whose specifications refer closely, 

6497°—Bull. 308—15——3 
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to defects, without qualifications in regard to heart. The rules of 
the North Carolina Pine Association and the Georgia-Florida Saw- 


mill Association govern the bulk of the eastern business. The chief P 
shortleaf pine products of the larger mills and the various grades © 


of each are: Dressed finishing, 3 grades and specials; flooring, 12 
grades; ceiling, 4 grades; wagon bottoms, 2 grades; drop siding and 


bevel siding, 4 grades; partitions, 4 grades; molded casing and _ 


base, window and door jambs, 3 grades each; common boards, ship 
lap, and barn siding, 4 grades; grooved roofing, nearly same as 
No. 1 of preceding; fencing, 4 grades; dimension and heavy Joist, 
3 grades; No. 1 common timbers; lath, common and patent; and 
pickets. ae = 

MARKET. 

Much confusion exists in the eastern markets regarding the 
names under which southern pines are sold. Those in use represent 
essentially, in different degrees, the qualities of weight, strength, and 
grain or width of annual rings. In general, the names “longleaf” 
and “shortleaf” are used to designate the harder and softer qual- 
ities of southern pine lumber, and this is broadly justified by dif- 
ferences in the species. Longleaf averages the heaviest and closest 


grain. Shortleaf is clear lumber of high quality and an intermedi- — 


ate number of rings per inch and loblolly has very wide annual rings 
and thick sapwood. Lumber sold as longleaf often contains more or 
less of the heavier kinds of shortleaf. Rapid growing longleaf and 
shortleaf both have wide annual rings and thus might be classed as 
loblolly. There is no complete separation in the lumber market. 

A large amount of the shortleaf lumber produced—estimated by. 
some at as high at one-half—is sold by the manufacturers direct to. 


“4 


——— 


large consumers, such as railroads, manufacturers of railroad equip- 


ment, and those engaged in the construction of buildings and other 
structures requiring material in large quantities. The remainder 
of the output is mostly sold direct to wholesalers, brokers, and re- 
tailers. Many of the large manufacturers are also retailers, either 
directly or indirectly, through subsidiary companies. A very large 
amount of the shortleaf lumber goes into further manufacture and 
finds its market in the wood-using industries of the various States. 
The market for shortleaf pine includes practically all of the 
United States east of the Rocky Mountains. Within this region, 
the districts of lightest use are the upper Lake States and New Eng- 
land. In the former region white and red pine and in the latter 
region loblolly pine, shipped by cargo from the Atlantic coastal 
plain, are used in large amounts. According to the wood-using in- 
dustry reports,’ little shortleaf reaches Massachusetts; Maine uses 


' 17This and the following statements are based upon various wood-using industries bul- 
letins published by the individual States in cooperation with the Forest Service. 
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more than 10,000,000 feet annually of longleaf and loblolly, but 
practically no shortleaf; in Iowa, shortleaf is second only to white 
pine in total quantity used; in Illinois in 1912 it stood second in car 
manufacture, first for sash, door, and blind, and also box manufac- 
ture, and entered into the leading classes of wood products. The 
most intensive market area lies from New York through the north- 
eastern, central, and southern prairie States. The best available 
estimate of the quantity of shortleaf further manufactured by the 
wood-using industries of the United States annually during the 
period of 1910 to 1912 is, in round figures, 3,500,000,000 board feet 
(Table 11), valued at about $52,740,745 f. o. b. factory. Of this 
amount about 2,500,000,000 feet were converted into planing-mill 
products, and the balance largely used for sash, doors, blinds, and 
general millwork, boxes and crates, car construction, agricultural 
implements, vehicles and parts, fixtures, furniture, and shipbuilding. 


TABLE 11.—Quantity and value of shortleaf pine used annually by the wood- 
manufacturing industries of the United States.* 


Aver- Aver- 
age age 
Quantity j|value| Total Quantity j|value| Total 
Industry. used. per | value. Industry. used. per | value. 
M M 
feet. feet. 
Planing-mill prod- Board feet. |Dolls.| Dolls. 
ucts and general | Board feet. | Dolls.) Dolls. HW EKGUEES 3 oiociaice's slo: 9, 864, 765} 30.34) 299, 298 
millwork ........ 2, 501, 189, 960/212. 26] 30,653, 669/| Furniture ......... 7,651,800] 18.38] 140, 645 
Sash, doors, and Shipbuilding. ...... 5, 173, 762} 23.88} 123,531 
blinds (202). ..: 327, 830, 625] 23.30} 7,639, 295)| Miscellaneous %..... 79, 401, 264) 23.05] 1,830, 498 
Boxesandcrates...| 349,094,714) 15.52) 5,419,004 ———_—— ———_. 
Car construction...| 212,913,493) 25.02} 5,327,034 Motalev< ec 3, 044, 751, 908) 14. 88]52, 740, 745 
Agriculturalimple- Total exclusive 
MIeNtS. 070550... . 37, 132,070] 26. 84 996, 653 of planing-mill 
Vehicles and parts. . 14, 499, 455] 21. 46 311, 208]| products......... 1,043, 561, 948] 21. 17/22, 087,076 


1 This is a tenative table, compiled from the various State wood-using industry reports, published by the 
State organizations and lumber-trade journals, in cooperation with the Forest Service. Figures are for 
the period 1910 to 1912, or an average about 1911. Although reported as true shortleaf, it seems likely that 
the amounts are somewhat high because of the tendency to include some other material than shortleaf 
under this head. 

2 Very low average due to extensive planing-mill industry of producers in Arkansas, Louisiana, Alabama, 
North Carolina, Mississippi, and Texas, where supplies are secured without cost for transportation. 

3 Includes chiefly sporting and athletic goods, machine construction, caskets and coffins, wooden ware 
: gue Oe printing material, kitchen cabinets, refrigerators, elevators, frames and molding, tanks, 
and silos 


LUMBER PRICES. 


The average mill-run price of shortleaf pine lumber does not differ 
much from that of the other southern yellow pines. In the Gulf 
States it holds closely to that of longleaf and in the central Atlantic 
States to loblolly. The factors which govern this more than any- 
thing else are location, cost of transportation to the larger markets, 
and average size of mill output. For example, in 1912 the average 
mill-run of “ North Carolina pine” was $14.22, while yellow pine 
in Arkansas was $14.78. Mississippi, where the percentage of long- 
leaf in the cut is as high as anywhere, showed an average mill-run 
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value of $14.80, or only 2 cents higher than Arkansas, where no 
longleaf occurs. Below is shown the average wholesale mill-run value 
at the mill for southern yellow pine lumber from 1899 to 1914, in- 
clusive.t. Shortleaf was a heavy contributor and its fluctuations have 
doubtless been quite similar. 


14 eo a Ontl  ees Siocot LodSeaanam S12. 60 1904-27226 $9. 96 
POISE Sh. biG AO1LOBS ESSE 13529) | 19072 147-02 289922222 8. 46 
LOAD aoe he 14365): 51909 222 se 12.69 1906____-_ 15. 02 


From 1908 to 1918 a gradual advance in price occurred in common 
with nearly all coniferous woods. From an average value in 1901 of 
approximately $9 the price rose to $13.87 in 1911, an increase of 54 
per cent in 10 years. The advance in price was strongly upward to 
the year 1906, when the values reached a high point. Between 1908 
and 1913 the advance in price was steady but more gradual, with 
rather marked variation during 1914 and 1915. 


TARLE 12.—Cost of longleaf, shortleaf, and loblolly lumber used by the wood- 
manufacturing industries of 16 States. 


Average cost per M board feet Average cost per M board feet 
f. 0. b. factory. f. 0. b. factory. 
Group and State. |. === CC | «Group and State. 
Longleaf. |Shortleaf. | Loblolly. Longleaf. |Shortleaf. | Loblolly. 
Northeastern Southern States: Dollars. | Dollars. | Dollars. 
States: | Dollars. | Doliars. | Dollars. Mloridaseriee. == 11. 66 11. 60 11.77 
Connecticut. --- 36. 10 23. 32 27.00 Georgia....-:.. 13. 30 13.03 10. 03 
Delaware. ...-- 31. 46 18. 08 15. 56 Mississippi. ---- 11. 66 11. 66 11. 24 
Maine......---- 35.12 31.00 29. 71 Texass= 22 325. 12. 71 12. 64 11. 51 
New Hamp- Average for North- 
shires .£2-22= 33. 70 28. 86 29.99 eastern States. ... 33. 30 27. 52 25. 21 
New York..... 31. 49 27.34 20.77 || Average for Cen- 
Vermont......-. 31.91 36. 50 28. 21 tral States. .....- 24. 79 22.05 21. 49 
Central States:. Average for South- 
TOWs saan e eae: 28. 04 29.05 27.45 ern States.......- 12. 33 12. 23 11.14 
Tinos cess 28. 69 26. 07 27.72 a 
OhioseJzs5. 22 26. 26 25. 75 18.32 || Average for all 
‘Tennessee... --- 20. 23 165183] 27S States represent- 
Virginia......-. 20. 26 13. 26 12.77 60 FSS. SSE ASS. 23. 47 20. 60 19. 28 
West Virginia. . 25. 26 21.99 21. 20 


1Compiled from various State wood-manufacturing industry reports in cooperation with the Forest 
Service. Figures must be considered as approximate since there is no accurate separation of the species in 
the market. 

The lowest average price of pine used by the wood manufacturing 
industries shown in Table 12, occurs in the large lumber-producing 
Southern States, where most of the big sawmills manufacture plan- 
ing-mill products, obtaining their supplies- without transportation 


charges; also a number of these industries use logs, wholly or partly, 


and reported cost on these instead of on lumber. An increasing 


1 Prices for 1913 are based upon average prices during the last three-quarters of the 
year from large representative mills in the States of Georgia, Florida, Alabama, Missis- 
sippi, Louisiana, Arkansas, and Texas. The 1914 figures are based upon reports of similar 
representative large mills in 10 States from Virginia to Texas for the complete year. The 
earlier prices represent reports submitted by miscellaneous operators, both large and 
small. A question whether these prices are legitimately comparable with the 1913 and 
1914 figures may properly be raised. 


Seen 
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price will be noted for States more distant from the region of pro- 
duction. The figures thus represent only roughly the average cost 
of lumber of the various species in the different States and regions 


shown. 
STUMPAGE VALUE. 


The value of shortleaf pine stumpage is in general a little below 
that of longleaf in the Gulf States and above loblolly in the Central 
Atlantic States. The slightly higher market value of longleaf pine 
lumber and the distribution of shortleaf pine over the more hilly 
lands have a tendency to make the stumpage value for shortleaf 
slightly lower than for longleaf pine. The closer proximity, how- 
ever, of shortleaf to the markets of the Central and Middle Western 
States gives it an advantage. 

The purchase of “ timber rights” in the North Carolina pine region 
by one company from 1896 to 1908, shown in figure 2, illustrates the 


YEAR 1896 1899 1900 1902 1904 1906 1908 1912 

Fic. 2.—Cost of yellow-pine stumpage to one company in North Carolina, from 1896 to 
1908 (‘‘ The Lumber Industry,’ Bureau of Corporations, p. 23), and estimate for 1912 
(based on average price for North Carolina in 1912, plus increase of price in 1909 over 
average value for State). 


general upward movement of yellow pine stumpage in the eastern 
market. 

In the central Mississippi Valley region the stumpage values are 
not essentially different from those in North Carolina. In Arkansas 
stumpage for virgin timber was worth, in round figures, 40 cents in 
1890, $1 in 1900, $2.50 in 1907, at the crest of the year’s prices, and 
in 1913 was reported at $3 to $4. Second growth in abandoned fields 
reaches diameters of 10 to 14 inches in fifty years, with yields of 10 
to 20 thousand feet. Such tracts, if located near good local markets 
with railroad facilities, have stumpage values ranging from 50 cents 
up to about $1.50, but otherwise values are small, ranging down to a 
few cents, mostly a potential or holding value. 


1 Prices for 1896 from ‘‘ The Lumber Industry, Part I,’’ Bureau of Corporations, p. 23. 
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The demand for standing shortleaf pine timbers in Arkansas is 
indicated well by the prices offered for Government timber on the 
The timber is located mostly in the 
rougher and more inaccessible portions of the State, and is cut up 


Arkansas National Forest. 


somewhat by small private holdings. 


Timber sales in 1914 under 


competitive bids in this rough region were made at prices ranging 
from about $2.25 up to $3 per thousand feet. 

The stumpage values for shortleaf pine were collected by the Forest 
Service for the year 1912 from the various States in the form both of 
reports of sales actually made and estimates of buyers and others 


qualified to know market prices. 


The average values reported by 


lumber companies in 1912 and in 1907 for various States are shown in 


Table 138. 


TABLE 13.—Stumpage value of southern yellow pine in 1912, with comparison of 
average values in 1907+ 


1912. Average | Rate ofin- 
value in | crease in 5- 
1907. year period. 
Basis 
averaee Range of values Number of , 
Group and State. reports g 2 
: : . ‘Ss se - 
Bs salma 5 8 AE en ee 
= n = n 3 te) 2° a 
gS ido ef} om | . S SUE: | . 
eHisa| $8 oa BO) 8 hs SG ee 
Seis” as os 7 D 3 FF 3 Zz = 
Ao | AS faa) ja Dn <= 19 & D 
Northern Atlantic: P.ct.| P.ct 
plaware:...: Fess = 25. - $5.19 $4.50 $4.00- 6.50$4.00— 5.00 8 p) eee > | MN ee mes (Re 
Maryland..............-.- 5.43) 5.11) 2.00- 8.00) 3.00- 7.50| 26 gj:$4.33| -10|2.____ | a 
Now Jersey... 2o2-2:5....- 4.25) 3.00) 3.00- 5.00} 3.00- 3.00 4 1 4. 20 5| Sad ee. 
Pennsylvania fee ee 6.12, 5.50 3.00-12. 00) 3. 50-10. 00 52 16 5.30 37]. Ssou-|- ee 
Average for group....... 5,25) 4. 538 oti 2) be a pa | Sl). 13.9|— 1.7 
Western Appalachian: ome | | | a 
Kentuckytesitac: 5.4. 3.36, 4.00 1.00— 8.00, 4.00— 4.00 21 2) 2.36) 12\2 25 Ae 
ERENNESSOO = 4244 425 oe ee 3.22] 3.50) 1.50— 5. 00| 2. 00- 5.00 48 24) 2. 60 i bb) eee Mss - 
Wrest Virginiat: 22). 222 3.25) 4.00) 2.00- 4.00) 4.00- 4. g 6 2 3.32 14)... ¢ 2 eee 
Average for group......- estos Wes Rice ee cor eat a reve (ok ele [Si aoe | ee 18.8} 38.8 
Southern Atlantic: | 
GBOLIA ee eee nee 2.79} 2.68, 1.50- 5.00) 1.50- 5.00 90 38 2.51 43)_2 2 shee 
North Carolina. ..........- 3.07} 3.07} 1.50- 6.00) 1.50- 7.00} 167 79 2.73 49|-..: See 
South’ Carolina-.--...--- s< 2.97) 2.99) 1.00- 6. 00) 1. 75- 5.00 71 29 2.45 25 << 222 
Warginiat 22°F . 0 siete: 3.70) 3.35) 1.00- 6.00) 2.00— 5.50 37 17, 2.99 GOEL: eee 
Average for group..-.-..- 43) PROD S.. S75. REE Peeep iE peer G7 EL ees 17.2) 13.1 
Gulf: 
IMabAmM ate seera cee aca 2.39) 2.32) 1.00- 5.00) 1.00- 5.00) 122 56 2.29 45]>< 2. ae 
Arkansass=: 6). 27S s2e8 22 2.57| 2.54! 1.25- 5.00) 1.50- 5.00 69 40 2.45 65|- 2. eae 
TW lOnIG a eos oe ec eke 2.96) 3.01] 1.50— 6.00) 1. 75- 6.00 80 GS ity PAU 40). 2-3) ee 
LOUISIAN a $258 eee 3.86) 3.64] 1.50- 7.00) 1.50— 6.00 57 34 3.20 32)? = 254. See 
MaASSISSIP Dis ee ne eae 3.44) 3.59) 1.00- 6.50) 1.00- 6.50 60 38 2.78 41). - _. 4. 
GxAS fi ILE eee 2.98) 3.10} 1.00—- 5.00) 1.00- 5.50 65 43, 2.22 35):. 222/25 
Average for group.....- 2) 2B A083): BAO3|etteh a ee ee eee ee | 2.64/......] 14.8] 148 
Okdahoma-) 5.3 us 32 2 sO 1.84} 1.80} 1.00— 4.00) 1.00— 3.00 11 5; 1.138 4)... 2%. (eee 
WHISSONTAS eee reo nes eee 2.30) 2.50) 1.00— 6.00} 1.50- 6.00 39 14, 2.54 13); .2 2 Se 
Average for Oklahoma 
and Missouri.....-...- 2.07] £82515). S38 SOs Shea ees Eee eyes ee ee ASS4hecre aad 16.8 


1 Figures for 1912 based upon reports of estimates and sales received from lumber companies; the 1907 


values are based upon estimates. 
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In Missouri, Kentucky, West Virginia, and Pennsylvania, neither 
longleaf nor loblolly pines are known to occur, while in three others— 
New Jersey, Tennessee, and Oklahoma—loblolly is present only in 
very small areas. In all except New Jersey and Pennsylvania, short- 
leaf is the principal yellow pine and dominates the market. 

The stumpage value of yellow pine can best be studied by natural 
groups of States, i. e., those having. generally similar density and 
areas of stands. Thus New Jersey, Pennsylvania, Delaware, and 
Maryland led with an average stumpage of $5.25 in 1912, as com- 
pared with $4.61 in 1907. (Table 13.) West Virginia, Tennessee, 
and Kentucky came next in order with values of $3.28 and $2.76 for 
the same years. The group comprising Virginia, North Carolina, 
South Carolina, and Georgia averaged $3.13 and $2.67, respectively. 
The States of Alabama, Florida, Mississippi, Louisiana, Arkansas, 
and Texas, the principal producers of virgin yellow pine, averaged 
$3.03 for 1912 and $2.64 for 1907. The low figures of $2.07 and 
$1.84 for Missouri and Oklahoma are probably due to the low yield 
and quality of pine in Missouri and special features of timber own- 
ership in Oklahoma. The higher stumpage value in the North At- 
lantic States is undoubtedly due to the strong local demand near large 
centers of population. Stumpage values are highest in the North 
and decrease with striking regularity all the way to the southern 
‘and western extremity of the yellow-pine belt. The highest rate of 
increase in value during the period of five years ending in 1912 oc- 
curred in the middle of the zone of distribution. 

The yellow-pine timberlands of the South constitute one of the two 
chief timber supply regions of the United States. With an increas- 
ing population and diminishing timber supply, the speculative hold- 
ing of timberlands has become general, and, except for the periodic 
declines of a temporary character, the general movement of stump- 
age values of shortleaf in common with the other southern pines is 
likely to continue in an upward direction. 

The practice of cutting and burning timber in clearing lands is 
still prevalent in some of the southern and Mississippi Valley States. 
In some of the more remote sections tracts of 20 to 50 acres of pure 
stands containing from 5 to 25 thousand board feet per acre of sec- 
ond-growth pine are not infrequently cut without thought or com- 
ment. The larger trees are usually girdled and the smaller ones cut 
and burned. Thus are destroyed many stands, the accumulated tim- 
ber growth of several decades, which would, if left for relatively few 
years, bring good stumpage prices. 
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ESSENTIALS OF FOREST MANAGEMENT. 


Forest management aims to make the forest continuously produc- 


tive of the largest quantity and at the same time the most useful or 


valuable quality of.timber. It deals essentially with second growth, 
including in the South the so-called “ old field” stands. The increas- 
ing scarcity of virgin timber is daily developing new uses for second 
growth, and stands formerly considered of no value are now becoming 
commercial assets. Owners will find it more and more profitable, — 
therefore, to employ intensive methods of handling timberlands. 
Under forest management, it is necessary first of all to protect the 
growing tree crop against fire and other harmful agencies. The age 
at which the stand should be cut, or the period of rotation, must be 
determined in advance upon the basis of the size and kind of wood 
desired. The tree density, or amount of growing stock on the ground, ~ 
strongly influences the growth and should be regulated by thinning 
or artificial restocking. Cutting so as to secure complete natural re- — 
production is of great importance. | 


PROTECTION. 


FIRE. 


Owners of southern pine lands now realize that enormous loss and 
injury result every year from forest fires. They will be interested 
therefore in methods of preventing fires as far as is possible and of 
controlling at an early stage those which are started. To be sure, 
shortleaf pine regenerates vigorously by sprouts during early life | 
when subject to greatest fire injury. The injury caused to older 
trees, however, by even a surface fire is very often recorded in the © 
entrance of destructive fungi, or “punks,” through the fire scars, — 
and retarded growth, due to the removal of the protective layer of | 
leaf litter (“pine straw”) and soil enriching humus. The loss of 
trees by repeated fires during a period of 30 or 40 years and conse- 
quent reduction in the yield is surprisingly large. The person start- 
ing a fire which spreads to his neighbor’s forest is rightfully held 
responsible for the destruction of property. The best protection les 
in the hearty cooperation of all landowners and communities in the 
enforcement of efficient State fire laws. When rightly planned and 
constructed, fire lines are very helpful in protecting growing timber, 
and are proving effective in the yellow pine on the National Forests 
of Florida and Arkansas. A double furrow stops slowly burning 
surface fires and is a good base from which to fight others. Fire 
lines are best constructed by opening one or more furrows on each 
side of a strip 4 to 8 yards wide and, in favorable weather burning 
over the intervening ground. 
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| Plate V. 


F-13222A 
Fia. 1.—ENCROACHMENT OF SHORTLEAF ON SUCCESSIVELY ABANDONED PORTIONS OF 
COTTON FIELD. STANDS OF SIX DIFFERENT AGES. 


Fic. 2.—VERY DENSE STAND OF 9-YEAR-OLD SEEDLINGS, 42,000 TREES PER ACRE. 
NOTE CLOSE RELATION BETWEEN DENSITY AND DEVELOPMENT. 


SHORTLEAF ENCROACHING UPON FIELDS UNDER CULTIVATION. 
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INSECTS. 


The southern pine beetle’ (Dendroctonus frontalis Zimm.) has 
been the subject of exhaustive study by Dr. A. D. Hopkins, in West 
Virginia between 1891 and 1901 and in the Southern States from 
1902 to the present time. According to these investigations this insect 
has caused the death of millions of shortleaf and loblolly trees and 
some longleaf. The loss during the past 20 years due to this in- 
sect has been estimated at between 10 and 20 million dollars. From 
1890 to 1893 a serious invasion occurred in Virginia and West Vir- 
ginia. In the season of 1910 the trouble occurred in many places 
in the Southern States, leading to a special study and demonstration 
of methods of control by the Bureau of Entomology and the publica- 
tion of Farmers’ Bulletin 476, from which the recommendations for 
controlling the insect pest are quoted below because of their value and 
importance to owners of shortleaf stands. It is important, however, 
that all of Farmers’ Bulletin 476 be consulted in case of extensive 
or serious infestation. 


Evidences of infestation—(1) If in clumps or patches of pine, where there 
is no plain evidence of serious injury by fire, the foliage fades to pale green 
and changes to yellowish and pale brown, it indicates that the trees are dying 
from the attack of the southern pine beetle, and that the bark of such trees is 
infested with the developing broods of minute white grubs and transforming 
beetles; therefore such infested trees are a menace to the living trees. 

(2) If the trees have reddish brown and partially fallen foliage, or if all 
of the foliage has fallen, it indicates that the broods of beetles have emerged 
and that such trees are no longer a menace to the living ones. 

(3) If the trees die during the period between the 1st of March and the ist 
of October they will be abandoned by the broods of beetles within a few weeks 
after the foliage begins to fade. 

(4) If the trees begin to die during the period between the 1st of October and 
the 1st of December the broods of beetles will remain in the bark until the fol- 
lowing March or April. 

Essential details in methods of control—There are certain essential details 
in the recommended methods of combating the southern pine beetle which must. 
be observed in order to avoid not only serious mistakes but possibly ultimate 
failure: 

(a) The principal clumps or patches of dying trees which are actually in- 
fested by the broods of the destructive beetle, as indicated by the fading and 
dying foliage, or otherwise, should be located and marked during the months 
of November, December, January, and February. In order to do this work, 
proper experience or special instruction is required. Therefore some one who 
has had instructions should have charge of the work in each important area in 
which control work is to be undertaken. 


1‘**Report on Investigations to Determine the Cause of Unhealthy Conditions of the 
Spruce and Pine from 1880-1893,” Bulletin 56, West Virginia Agricultural Experiment 
Station, pp. 281-878, 1899, by A. D,. Hopkins, Entomologist. 

“The Southern Pine Beetle,’ Bulletin 83, Part I, Bureau of Entomology, U. S. Depart- 
ment of Agriculture, pp. 56-72, 1909, by A. D. Hopkins. 

“The Dying Pine in the Southern States: Cause, Extent, and Remedy,’ Farmers’ Bul- 
letin 476, U. 8. Department of Agriculture, 15 pages, 4 figures, 1911, by A. D. Hopkins. 
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(6b) The broods of the beetle in the bark of the main trunks of the medium 
to larger-sized dying infested trees within an area of 8 or 10 square miles or 
more must be destroyed in order to stop their depredations. 

(c) The broods may be destroyed by one or more of the following inethoae 
the work to be done between the 1st of November and the ist of March: 

(1) Removing and burning the infested bark from the trunks of the stand- 
ing trees; or 

(2) Removing and burning the infested bark from the trunks of the trees 
after they have been cut down; or 

(3) Scorching the infested bark or burning the wood with the bark after the 
trees are cut down; or 

(4) Placing the infested portions of the trunks in water; or 

(5) Converting the trunks of the infested trees into cordwood and using the 
wood for fuel before the beetles leave the bark; or 

(6) Converting the infested trees into lumber or other products and burning 
the slabs or bark. 

(d) It is not necessary to burn the tops or branches of treated trees or to cut 
and burn small infested saplings if the larger infested trees are disposed of. 

(e) It is not necessary to remove or destroy the bark on the lower portion of 
the trunk or on the stumps if it is not infested with the destructive beetle, and 
it is not necessary to cut or treat dead trees from which the beetles have 
emerged. 

(f) It is necessary and essential that the broods of the destructive beetle in 
the bark of any portion of the main trunks of the medium to larger sized dying 
infested trees of any given locality should be destroyed. 

(g) If the wood of the infested trees can be utilized for fuel, lumber, or 
other purposes, its value should cover the cost of the work. If the work of 
felling and barking the trees is done at direct expense, the cost will average 
10 to 30 cents per tree. 

(nh) The cost of protecting the living timber of.any locality with average in- 
festation should not exceed an average of from 1 to 5 cents per acre for the 
total area of pine-covered land, and if estimated on a basis of volume it should 
not cost over 2 cents per cord of the living timber protected. 

(i) The best time to conduct control operations against the southern pine 
beetle is during the period between November 1 and March 1. 

(j) If a pine tree standing among or near a grove or woods of living pine is 
either struck by lightning or felled and barked or split into cordwood during 
the summer and early fall, it will, as a rule, attract the beetles within a radius 
of 3 or 4 miles and result in the starting of a new center of infestation and in 
the death of a large number of trees. 

(k) The principal owners of pine in each community should cooperate in the 
disposal of the required infestation, but should not undertake the work until 
some one or more of the owners is sufficiently familiar with the essential details 
of the proper methods. 


The pine tip moth (Letinia frustrana Scud.) attacks and deforms 
the growing tips of branches. In some localities this is the most 
noticeable cause of injury and is sometimes very abundant for several 
successive years. There is no practical means of controlling the insect 
under forest conditions. The injury is least in suppressed parts of 
trees, or trees growing beneath older forest stands and greatest in 
thrifty stands of reproduction from 4 to 10 years old growing in old 
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fields or under full light exposure. Following the unusually wet 
spring and early summer of 1912, the infestation was general in the 
Piedmont region and southern Mississippi Valley. In an extreme 
case of a 9-year-old stand, as high as 90 per cent of the shortleaf sap- 
lings showed injury.*_ Some had been attacked by at least two genera- 
tions of insects during midsummer, and, as a result, developed two 
sets of adventitious leaders. 

Larve of the southern pine sawyer, or round-headed borer, M/ono- 
hammus titillator Fab.,? develop from eggs laid under the bark of 
felled or dead trees by the adult beetle. The insect never attacks 
living trees in the South. If allowed to dry rapidly by removing 
_ the bark, or if immersed in water, the wood is little subject to injury 
by the insect. 

FUNGI. 


The most practical means of combating the injury and loss of tim- 
ber by fungi is to prevent, so far as possible, the occurrence of wounds 
in the tree through which the fungus finds its direct avenue of at- 
tack. The most serious cause of the formation of wounds is fire. 
‘Infested trees should be selected for cutting, since they are the 
breeding places for spores or “seed,” which are minute in size and 
produced in vast numbers. | 
YIELD. 


The productiveness of the tree, especially of second growth or 
young timber, being the basis of management, a knowledge of the 
yield, or amount of wood produced per acre, is essential in order to 
decide the time and method of cutting, the probability of success, 
and other important points in handling the forest crop. Yield 
tables are particularly valuable for trees lke shortleaf pine, which 
come in extensively in even-aged second-growth stands following the 
removal of the virgin forest and the abandonment of fields cleared 
_ for agriculture. For such stands normal yield tables give the in- 
formation most needed. ‘These are obtained from measurements 
taken in fully stocked pure stands, or portions of stands, and show 
the possibilities of the species at various ages. Yield tables thus 
made are used as, guides in ascertaining the present total volume of 
the growing stock and period of highest productivity in the life of 
the stand, and in predicting future yields of the forest at given ages. 
Many stands or portions of stands, however, are not more than two- 
thirds to three-quarters fully stocked, because of insufficient seed, 
direct injury from fires, and losses by insects or fungi. A deduction 

1 Mixed stand in which 610 shortleaf and 330 loblolly had been infested and 70 short- 


leaf and 10 ioblolly showed no injury. (Mt. Vernon, Glenville P. O., Arkansas.) 
2See Bureau of Entomology Bulletin 58, ‘‘ Some Insects Injurious to Forests.” 
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must necessarily be made for such stands. The influence of stand 
density upon yield in saw timber and cordwood is discussed on pages 
35 and 36, respectively. 

Yields from fully stocked, pure shortleaf stands have been meas- 
ured in representative regions in the Piedmont uplands of North 
Carolina, Virginia, and central western Arkansas. In addition, a 
few yields have been obtained in Georgia, South Carolina, and New 
_ Jersey, and are interesting for comparison. 

The yield table for the Piedmont region of North Carolina (Table 
14) is based upon the measurement of yields of 80 well-stocked 
stands of various ages up to 80 years. It gives the yields in terms 
of board feet saw timber, scaled both by the Doyle and the Scribner 
rules, also cubic feet, for three different qualities of site; also the 
number of trees per acre, and average height and diameter of the 
trees. For logs up to 24 inches in diameter the Scribner rule gives 
higher values, which represent more nearly the actual mill cut than 
does the Doyle rule. The latter rule is therefore advantageous to 
the purchaser of standing timber or logs, while it is equally dis- 
advantageous to the seller. For example, at the age of 50 years,. 
on Quality II site, a fully stocked shortleaf pine stand, scaled to 
include all logs 6 inches and over at the top end, yields an average 
of 17,000 board feet by the Scribner rule, but only 9,500 feet if scaled 
by the Doyle rule. The average size of the trees is 57 feet in height 
by 9.4 inches in diameter, and the stand contains an average of 355 
trees per acre, having a total cross section or basal area of 179 square 
feet at breastheight. The cubic volume, including bark, is 4,360 
cubic feet. Table 15 shows that at the age of 50 years, the stand 
was increasing annually at the rate of 525 board feet per acre, or 106 
cubic feet in total stem volume, the average yearly increase during 
the whole life of the stand (column headed “ Mean annual incre- 
ment”) was somewhat less, as might be expected—340 board feet 
(Scribner), 190 feet (Doyle), or 87 cubic feet per acre. 

A similar yield table (Table 16) for fully stocked pure stands of 
shortleaf in its region of best development west of the Mississippi 
River is based upon the measurement of 38 sample plots in central 
western Arkansas. The stands had been protected against frequent 
fires, and the portions measured were completely stocked, so that the 
table may be considered as representing fairly well the yields to be 
expected from protected and managed stands. The number of plots 
used as a basis for both Tables 16 and 17 is obviously too few, so 
the tables are tentative, and have been included for the purpose of 
indicating the character of second-growth stands in Arkansas, with 
the view of later comparison and revision when additional measure- 
ments are available. 
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TABLE 14.—Yield* per acre of fully stocked second-growth shorileaf pine in 
North Carolina? 


QUALITY I. 
Yield of saw timber. 
Average cael 
Age Trees | diameter| Average Ne 1d | NO TERRES REN ETS Solid 
per acre. CE eS height. (at breast-| Scribner | Doyle measure 
gh). height). | rule. | rule. 

Years. Inches. Feet. Sq. ft. Bd. ft. Bd.ft. Cu. ft. 
20 1,000 5.8 40 158 5, 700 2, 000 2, 120 
25 675 6.9 46 175 8, 400 3, 600 2, 730 
30 510 7.9 51 188 11, 200 5,300 3,350 
35 410 8.8 55 198 14,000 7,100 3, 950 
40 340 9.6 59 205 17, 100 8, 900 4,570 
45 280 10. 4 63 211 20, 300 10, 900 5, 200 
50 235 1152 66 215 23, 700 12, 800 5, 840 
55 200 11.9 69 218 27, 000 14, 500 6, 450 
60 165 12.7 72 220 30, 100 16, 200 7, 020 
65 140 13.4 74 222 33, 200 17, 700 7,570 
70 120 14.1 77 224 36, 100 19, 300 8, 100 
75 100 14.7 79 226 38, 800 20, 800 8, 600 
80 90 15.3 81 227 | 41,500 | 22,400 9,110 

QUALITY II 
20 1,635 4.6 33 129 3, 200 300 1,380 
25 1,095 5.6 38 145 5, 200 1,700 1,840 
30 765 6.5 43 156 7,300 3, 200 2, 330 
35 600 7.3 47 165 9, 400 4, 700 2, 820 
40 500 8.0 50 172 11,700 6, 300 3, 320 
45 420 8.7 54 176 14, 300 7,900 3, 830 
50 355 9.4 57 179 17, 000 9, 500 4,360 
55 310 10.0 59 182 19, 700 11,000 4,880 
60 270 10.6 62 183 22, 400 12, 500 5, 360 
65 230 11.3 64 185 25, 200 13, 900 5, 830 
70 205 11.8 66 186 27, 800 15, 300 6, 280 
75 180 12.4 69 187 30, 400 16, 700 6, 730 
80 155 13.0 71 188 32, 900 18, 100 7,160 
QUALITY IIl. 
20 2, 450 3.4 26 100 CU ail ES esc 650 
25 1,880 4.2 31 114 2 LOO A eee 930 
30 1, 405 5.0 35 125 3, 400 1,100 1, 290 
35 1,045 5.7 39 133 4,800 2, 300 1,670 
40 795 6.4 42 138 6, 500 3, 600 2,070 
45 655 7.0 45 142 8, 300 4,900 2,470 
50 550 7.6 47 144 10, 300 6, 200 2, 880 
55 475 8.2 50 145 12, 400 7,500 3, 300 
60 420 8.7 52 146 14, 700 8, 800 3, 700 
65 370 9.2 54 147 17, 100 10, 100 4,100 
70 330 9.7 56 148 19, 600 11, 400 4,490 
75 295 10.2 58 149 | 22,000 | 12,600 4,860 
80 270 10. 6 60 149 24, 200 13, 900 5, 230 


1 Based on 80 sample plots in fully stocked stands; total area 21.6 acres. Saw timber scaled to 5.5 inches 
in top diameter inside bark. Stump height 1to1.5 feet. Volume of stem both in board feet and cubic feet, 
is from 1-foot stump to 6-inch top diameter, including bark. All trees 6 inches and over in diameter breast- 
high were scaled. 

2Counties in North Carolina are: Alexander, Burke, Cabarrus, Catawba, Cleveland, Davie, Gaston, 
Lincoln, McDowell, Rowan, Rutherford, Surry, Wilkes, and Yadkin. 
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TABLE 15.—Yearly increment? per acre of fully stocked second-growth shortleaf 
in North Carolina? 


PERIODIC ANNUAL INCREMENT. 


Scribner rule. Doyle rule. Solid measure. 
Age. Quality. 
aE: TIT. 
Years Bd.ft. | Bd.ft 
Oe | BOOS 370) Sect El S300 hoes ae ar eee 
25 OO ;, 3 | ake ee 
30 773 (ee 
35 310 240 
40 315 250 
45 320 255 
50 315 255 
55 310 260 
60 300 260 
65 290 260 
70 280 260 
75 275 255 
80 265 250 
MEAN ANNUAL INCREMENT. 
20 285 175 50 100 1 Ey eo 107 69 32 
25 335 205 80 140 OD! Sone ane 109 74 38 
30 370 240 110 175 105 35 111 78 43 
35 405 270 135 205 135 65 113 81 48 
40 430 295 160 225 160 90 115 83 52 
45 450 320 185 245 175 110 116 85 55 
50 470 340 205 255 190 125 117 87 58 
55 490 360 225 265 200 135 117 88 60 
60 500 375 245 270 210 145 117 89 62 
65 510 385 260 75 215 155 116 90 63 
70 515 395 275 275 220 165 116 90 64 
75 520 405 295 280 225 170 115 90 65 


80 520 3410 “| 310 280 225 175 114 90 65 


1 Based on 80 sample plots in fully stocked stands; total area 21.6 acres. Saw timber scaled to 5.5 inches 
in top diameter inside bark; stump height 1 to 1.5feet. Volume ofstem is from 1-foot stump to 6-inch top 
diameter, including bark. All trees 6 inches and over in diameter breast high were scaled. 

2 Counties in North Carolina are: Alexander, Burke, Cabarrus, Catawba, Cleveland, Davie, Gaston, 
Lincoln, McDowell, Rowan, Rutherford, Surry, Wilkes, and Yadkin. : 

3A continuation of these figures indicates a culmination of mean annual increment at about 90 years, 
with an increment of about 420 board feet. 
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TaBLE 16.—Yield* per acre of fully stocked second-growth shortleaf pine in 


Arkansas. 
QUALITY T. 
Basal | Average Saw timber. 
meee acai Gee : ee 
tota reast- rees . oli 
Age. per height), | 6 inches Height. Scribner| Dovle | Measure. 
acre tota and Y. 


rule. rule. 


639 166 ie 43 MON tees 2,500 
25 473 182 8.6 50 | 12,700 4,200 3,630 
30 380 195 9.6 55 | 17,500 6, 600 4,900 
35 316 205 10.6 60 | 22,400 9, 700 6, 060 
40 276 213 11.4 65 | 27,500 | 13,400 7,010 
45 245 219 12.2 69 | 32,500 | 17,600 7,730 
50 220 225 13.0 73 | 37,400 | 21,800 8,320 
55 201 230 13.6 76 | 42,200 | 25,600 8, 850 
60 186 234 14.2 79 | 46,850 | 29,000 9,320 
65 174 237 14.8 81 | 51,350 | 32,100 9,760 
70 164 240 15.3 84 | 55,750 | 35,000 | 10,160 
75 155 242 15.8 S6;, Rs 37,800 | 10,520 
80 147 243 16.2 9g. (E0s 40,500. | 10,850 

QUALITY IL. 
20 1, 130 125 6.6 35 Al OB Oe sleet 1,740 
25 784 139 7.5 41 7, 450 2,700 2,520 
30 595 150 8.3 46 | 10,600 4,500 3,390 
35 479 159 9.1 51 | 13,800 6, 800 4) 220 
40 404 167 9.9 55 | 17,000 9, 500 4) 930 
45 351 173 10.7 58 | 20,200 | 12,400 5,520 
50 308 178 11.3 61 | 23,450 | 15,400 6, 050 
55 277 183 12.0 64 | 26,850 | 18,200 6,520 
60 249 186 12.5 67 | 30,600 | 20,600 6, 980 
65 229 189 13.1 69 | 34,050 | 23,000 7,410 
70 214 191 13.6 72 | 37,500 | 25,200 7, 800 
75 197 193 14.1 74 | 40,850 | 27,400 8, 160 
80 184 194 14.5 76 | 44,000 | 29,500 8, 500 
QUALITY II. 

20 fie) SER Pm oS The tata elem Dag GUM GARI Ai fio 888) 
25 1, 088 95 6.3 33 2, 600 1, 200 1,390 
30 802 105 7.0 37 4,300 2,500 1, 870 
35 638 113 TES, 41 6, 000 3,900 2,360 
40 521 120 8.4 44 7,900 5, 500 2) 850 
45 446 126 9.1 47 | 10,000 7, 200 3,310 
50 385 131 9.7 50 | 12,200 9, 000 3, 760 
55 343 135 10.3 53 | 14,600 | 10,700 4,210 
60 312 138 10. 8 55 | 17,000 | 12,300 4) 650 
65 284 140 11.4 57 | 19,500 | 13,900 5,070 
70 260 142 11.9 59 | 22,000 | 15,400 5, 450 
75 242 143 12.4 61 | 24,600 | 16,900 5, 810 
80 225 143 12.9 63 | 27,100 | 18,400 6,150 


1 Based on 38 fully stocked sample plots; area 5.8 acres. All trees 6 inches and over in diameter breast- 
high were scaled: Top diameter, 5.5 inches; stump height, 1 foot. Table is only preliminary, based upon 
insufficient measurements but used here for comparison until more complete data are available. 
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TABLE 17.—Yearly increment* per acre of fully stocked paints ope shorileaf 
pine in Arkansas. 


PERIODIC ANNUAL INCREMENT. 


Scribner rule. Doyle rule. Solid measure. 
Age. Quality. Quality. Quality. 
T IT. TTI. I EE. TIT I INE TIT 


Years.| Bd. ft. Bd.jt. | Bd.ft.| Bd. ft. Bazft. \tBdsft: | Cust Cu.ft. \ Cu. ft. 


ZO Pewee = ont |e aine sis | ise ein | Soneee als sie] aoeiteiesias =| Sacre — olf eter eee rere eee | 
25 940 WAL Bossa 5sel bacconcene hosocasess||baecocse 226 156: feo e222 
30 960 630 340 480 360 260 254 174 96 
35 980 640 340 620 460 280 232 166 98 
40 1,020 640 380 740 540 320 190 142 98 
45 1,000 640 420 840 580 340 144 118 92 
50 980 650 440 840 600 360 118 106 90 
55 960 680 480 760 560 340 106 94 90 
60 930 750 480 680 480 320 94 92 88 
65 900 690 500 620 480 320 88 86 84 
70 880 690 500 580 440 300 80 78 76 
(| KASeARRGS ~ 670 520 560 440 300 72 72 72 
nly Begocedcos 630 500 540 420 300 66 68 68 


25 510 300 105 170 110 50 145 100 55 
30 585 355 145 220 150 85 165 115 60 
35 640 395 170 275 195 110 175 120 65 
40 690 425 200 335 240 140 175 125 70 
45 720 450 220 390 275 160 170 125 75 
50 750 470 245 435 310 180 165 120 75 
55 765 490 265 465 330 195 160 120 75 
60 780 510 285 485 345 205 155 115 80 
65 790 525 300 495 355 215 150 115 80 
70 795 535 315 500 360 |- 220 145 110 80 
18) baosecGace 545 330 505 365 225 140 110 75 
SO teases ees 2 550 340 505 370 230 135 105 75 


1 Based on 38 fully stocked sample plots; total area, 5.8 acres. Saw timber scaled to 5.5 inches in top 
inside bark. Stump height, 1 foot. All trees 6 inches and over breast-high diameter were scaled. 

2 A continuation of these figures indicates a culmination of mean annual increment at about 100 years 
with an increment of about 560 board feet. 


ROTATION. 


It is always desirable to determine in advance the length of the 
period through which the stand should be allowed to grow. This 
depends largely upon (1) the age at which the average yearly growth 
is greatest, (2) the kind of material desired, pulpwood, cordwood, or 
saw timber, and (3) the total cost of producing the material. The 
most reliable basis for determining the age at which to cut the stand 
is the time when the average yearly production is the greatest. This 
will then be modified in accordance with the kind of timber that is 
desired. Other factors to be considered are taxes and protection 
figured on the basis of compound interest, as well as stumpage values 
and market demand. The age at which the highest net money re- 
turn will be secured, or the financial maturity of the stand, may 
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precede or follow the age of greatest annual growth, depending upon 


demand and market prices. 

Yield and growth tables show the relation between age, size of 
trees, and total yields. They form the basis, therefore, for deciding 
when to cut in order to obtain any desired quality and size of timber. 
For example, on Quality II sites the maximum mean annual yield 
per acre of saw timber in North Carolina for trees 6 inches and over 
in diameter (scaled by the Scribner log rule) occurs at about 90 
years (Table 15, note), with an average yield of about 420 board feet 
per year. Fully stocked stands in Arkansas for average Quality IT 
sites appear to reach a culmination of yield of 570 board feet pro- 
duced annually at the age of about 100 years (Table 17, note). 


Measurements of similar unthinned stands in Virginia’ show the 


culmination of annual yield in saw timber at about 57 years, and 
those of a few pure stands in New Jersey indicate a maximum annual 
yield there at 45 to 50 years. The age of culmination in annual 
volume production is thus increasingly later as the region of growth 
is better. | 

The production of cubic volume or cordwood without regard to 
size or quality appears to culminate about 20 to 30 years earlier 
than the production of saw timber. The maximum mean annual 
yield in cubic volume for unthinned well-stocked stands in North 
Carolina is obtained on the best sites at about 50 to 60 years, on 
medium or second-quality sites at about 65 to 75 years, and on the 
poorest or third-quality sites at an estimated age of about 85 years. 


At 80 years, stands on third quality sites were found not yet to 


have passed their maximum in volume production. The more rapid 
growth of thinned stands hastens the date of their financial ma- 
turity by from 15 to 30 years. 

If the aim is to raise saw timber, a rotation of from 80 years on the 
better sites to 100 years on the poorer sites will apparently give the 
greatest yield in the shortest time; for cordwood the age of highest 
production lies mostly between 60 and 80 years.2. In practice stands 
will more likely be cut in shorter rotations, or before they reach their 
maximum rate of growth. Pine is extensively cut for ties at 12 inches 
breasthigh diameter. This size is reached at 65 years in North Caro- 
lina, and the tree is then 70 feet high. Such a tree will make two to 
four ties, according to the size of the tie desired. The disadvantage 
of holding charges at compound interest tends strongly to reduce the 


rotation. 


1W. W. Ashe, “ Shortleaf Pine in Virginia ’’ p. 28), published by the Virginia Depart- 
ment of Agriculture and immigration. 

2 Scrub and pitch pines are extensively used for firewood and are usually removed from 
mixed stands with shortleaf because of their inferiority for saw timber. 
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On the National Forests of Arkansas the Federal Government in 
its management of shortleaf pine aims to produce the sort of material | 
most needed by the people, which is mostly medium-sized saw timber. — 
A rotation of about 100 years in fully stocked pure stands affords 
the largest annual yield. The average tree at this age, grown under 
forest conditions, is 74 feet in height by 16.6 inches in diameter, and © 
contains not less than 270 board feet! of merchantable lumber. While — 
the interval between successive cuts 1s many years, it is well to bear in 


mind that present cuttings on private holdings in the region are tak- 


ing very little timber younger than 60 years. Where the stand, 
whether of pure shortleaf or a mixture of shortleaf and various 
hardwoods, is moderately open, as is the case over considerable of its 


range, the culmination in annual yield is earlier. A rotation of 90 — 


vears under these conditions will probably give the highest average 
vearly yield of saw timber on the Arkansas National Forest. Under 
natural conditions, and without fire protection until very recently, 
shortleaf pine on the Arkansas National Forest at 90 years measures 
mostly from 14 to 18 inches in diameter, averaging 15.9 inches, and ~ 
from 60 to 110 feet in height, averaging 73 feet. The average tree of — 
this size contains 240 feet of saw timber. Judging from the character — 
of similar stands up to 80 years old, pure stands at 90 years on aver- 
_age sites in Arkansas yield from 30 to 40 thousand feet, while com- 
pletely stocked stands on the same situations contain about 170 trees © 
per acre and yield about 50 thousand feet of saw timber. 


THINNINGS. 


The extensive areas of shortleaf pine in the younger stages of | 
growth and the quick response of the species to changes in light © 
supply? make thinnings very important in its management; their 
purpose is to admit the right amount of light so far as is possible to 
each individual tree. The available soil moisture and growing space 
for the roots must also be considered. Thinnings are made neces- 
sary by the dense seeding which usually takes place under protection 
from fire, in openings, such as abandoned fields or forest clearings. 
While natural thinning gradually reduces the density of the stand, 
progress is slow and much time is lost in the production of a mature 
crop. Fires thin stands, but in a haphazard manner, accompanied 
always by severe loss and injury. Thinnings made by selecting the 
proper trees at the right intervals result in an increased yield, a 
notable improvement in quality, and frequently a higher net money 
return on the investment. 


1Table 29 in Appendix. 
2U. S. Department of Agriculture Bulletin No. 244, “‘ Life History of Shortleaf Pine.” 
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RELATION BETWEEN TREE DENSITY AND YIELD. 


A thinning is very desirable between the ages of 10 and 15 years. 
It should be somewhat earlier for the better than for the poorer sites 
and regions of growth. Subsequent thinnings should be made at 
regular intervals of 5 years up to the age of from 40 to 60 years, and 
thereafter about every 10 years to the close of the rotation. If, for 


any reason, it is impracticable to repeat the operation so often, the ~ 


interval may be increased to from 7 to 10 years. Ten years is satis- 
factory for older stands of timber managed under a longer rotation. 
It is thoroughly practical to start thinnings even at considerably 
later ages than those mentioned. The limit has not been definitely 
determined, but vigorous recovery after suppression has been ob- 
served up to 80 and 100 years of age. Perhaps ages of 50 to 60 years 
on the better situations and best regions of growth are approxi- 
mately near to the average limit of the period of good recovery. This 
allows a period of 20 to 30 years prior to the culmination of height 
and diameter growth. On the drier and thinner soils the correspond- 
ing upper limit seems to be reached from 10 to 20 years earlier. 

Too heavy thinning stimulates leaf development and wood produc- 
tion over the lower branches, correspondingly reduces the rate of 
height growth, and is injurious also through the exposure of the 
soil and humus to the unfavorable action of sun and wind. The ideal 
thinning removes a sufficient number of the trees to relieve over- 
crowding without creating large openings in the canopy. Obviously, 
long intervals between thinnings make necessary the removal of a 
greater amount of material than shorter intervals, and increase the 
danger of soil exposures and the development of long dense crowns. 
It should be borne in mind, however, that young stands which are so 
open as to be considered understocked may often close up as they 
grow older and be fully stocked at maturity. 

The close relation between the number of trees per acre and the 
resultant yield of saw timber is indicated by Table 18 derived from 
seven different portions of a 30-year old shortleaf stand of irregular 
density. The best yield resulted from a density of 350 trees per acre, 
with decreasing yields at about the same rate from both understock- 
ing and overstocking. Thinnings made in Hanover County, Va., 
for the accurate determination of the resulting growth in a typical 
shortleaf stand of similar character and age removed 42 per cent of 
the trees but only 6 per cent of the total cubic volume of wood. 


> 
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TABLE 18.—Relation between tree density and yield of shorileaf pine in board 
feet per acre. 


i i 
| s Trees 8| Sawtimber.? | Aver- Trees 8 | Saw timber.2 | 4 ver- 


inches age inches age 
Totaltreesper | and [ dia- Total trees per | and dia- 
acre. over | Scrib- wane meter acre. over | Scrib- mania meter 
in dia-} ner | >}. | (breast- in dia-| ner ts fi (breast- 
meter. | rule. * | high). meter. | rule. * | high) 
| ANd 20) 9A eo ER 
Num- | Board | Board Yum- | Board | Board 
Number. ber. fee. feet. | Inches. Number. ber. feet. feet. | Inches. 
ANS REA 130 | 11,250 | 6,600 1. 5 OTS 0 255 | 15,350 | 7,900 8.1 
No, el ie ee 175 | 13,500 | 8,450 10-0 NL 55oe eee en ae 235 | 13,200 | 6,800 77 
| 7 a ee 215 116,000 | 9,700| 10.4 || 600.......-.---- 215 | 11,250 | 5,800 7.3 
Be Seee oe Aaa 260 | 18,100 | 10,600 O58) 1) 6502-25532 5 195 | 9,250 | 4,450 7.0 
| SHU ESE STEEN 290 | 19,400 | 10, 800 0. 451 400). Sek See 180 | 7,500] 3,200 6.6 
AGI Se 2 290 | 19,100 | i0, 200 SOyll 750! Lcee eee 160 | 5,900 | 2,000 6.3 
AOS 224. 260 | 17,500 | 9,000 8.5 || S00bS 2421) sei te 140 | 4,250 800 6.0 
| 


fi 1A oe old stand of varying densities on good quality site and protected against fire, Montgomery 
‘ounty, Ark. 
2 Yield of trees 8 inches and over in diameter at breast-height. 


In a selected old-field stand in Arkansas, 20 years old (Pl. VII, 
fig. 1) a density of 1,440 trees per acre gave a yield of 1,600 board 
feet, counting all trees 8 inches and over in diameter, while a normal 
stocking of 520 trees per acre in the same stand yielded 10,200 feet 
of saw timber. The overstocked stand contained only 40 trees per 
acre 8 inches and over in diameter and merchantable for saw timber, 
the well-stocked stands 200. The relation between number of trees 
per acre and diameter growth is so regular that it is almost sus- 
ceptible of expression with mathematical exactness. The sections in 
Plate VIII represent the average growth in a 33-year-old stand of 
shortleaf pine coming up under full-lght exposure in an opening of 
about 10 square miles caused by a cyclone. A density of 370 trees 
per acre gave a yield of 18,000 feet of saw timber, a density of 550 
trees per acre 21,800 feet. The trees widely spaced averaged 1 inch 
larger in breast-high diameter, thus yielding a higher grade of 
lumber. 

The number of trees to be left per acre in thinning shortleaf stands 
of specified ages varies chiefly with the quality of the situation. 
Table 19 indicates approximately the number of trees in natural un- 
thinned stands and also the trees left after thinning. The better class 
is representative of the more southern and western portions of the 
shortleaf range; the poorer class, of unfavorable local situations in 
this portion of the range, and the more northern and eastern areas 
of distribution. 
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TABLE 19.—Trees per acre in unthinned and thinned stands of various ages. 


Trees per acre. 


Trees per acre. 


Better situations. | Poorer situations. Better situations. | Poorer situations. 
Age. Age. 

Un- After Un- After Un- After Un- After 
thinned} thin- |thinned| thin- thinned] thin- |thinned| thin- 
stands. | ning. | stands.| ning. stands.| ning. | stands.| ning. 

Years Number.| Number. | Number. | Number Years. Number. | Number. | Number.| Number. 
A) ereiaie die sails 1, 400 990 2,120 1, 460 (0 re aaa 225 195 260 230 
BO eer nceteiets 680 525 990 820 SORES hee 200 175 200 190 
oT) Reta seta 480 380 680 540 OOS. oe ease 185 165 185 180 
DU cet ee: 340 280 460 SSO} ||P 1OOB ae eee 175 160 180 iki) 
GOP ses oki 270 230 340 290 


1 Represents about an average number based on measurements in 128 well-stocked stands in various 
portions of the range. 


TREES TO BE REMOVED. 


For convenience in thinning, trees may be divided into four groups 
of “dominant,” “ codominant,” ‘“ intermediate,” and “suppressed.” 
These groups are termed “ crown classes,” and represent the relative 
importance of the trees in the composition of the stand. The domi- 
nant and codominant trees compose the bulk of the stand, forming 
the general level of the forest canopy. They receive full light from 
overhead, and the dominant ones some from the sides also. The co- 
dominant trees are somewhat crowded on the sides. The intermedi- 
ate trees have smaller crowns and are generally below the main 
level of the stand, where they receive only a small amount of light 
from above. They clearly belong to the class of trees which is be- 
ing gradually crowded out. The suppressed trees are the smaller 
sickly ones completely below the general forest canopy. 

Athough there are certain more or less essential rules for thinning 
average shortleaf pine stands, they will not fit all cases, and the removal 
of the trees is largely a matter of individual judgment. In general, 
thinnings should be made primarily for the better development of 
the dominant and codominant classes. This is accomplished through 
the removal of the more crowded intermediate and suppressed trees 
on the lower side and the exceptionally large, overshading or “ wolf” 
trees on the upper side. In the crowded groups it is often necessary 
to remove as many as one-half, or occasionally two-thirds, of the 
intermediate trees, together with a few trees of the codominant class. 
Figure 3 represents an overstocked 30-year-old shortleaf stand and 
several subsequent thinnings. In ordinary early thinnings the num- 
ber of trees removed is about one-third of the total stand. The sup- 
pressed trees are making exceedingly small growth and exert no ap- 
preciable influence upon the stand. Their removal, however, is 
beneficial in decreasing the fire menace. Large openings should al- 
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Fie, a —Profile of trees in the original unthinned stand; 15 trees living. 
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Fic. 3b.—Same stand after first thinning by removing 7 trees; 8 trees living. 


Fic. 3.—Successive thinning in an overstocked, even-aged shortleaf stand, 30 years old. 
mediate ; 4, suppressed; 5, dead. Tree outlines in original stand. 
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Fic. 3c.—Same stand 7 years later after second thinning; 6 trees living. 
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Fig. 3d.—Same stand 8 years later following third thinning; 5 trees living. 


Shaded trees to be removed in next thinning. 1, dominant; 2, codominant; 3, inter- 
taken from “ Principles of Handling Woodlands,” by H. S. Graves. 
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ways be avoided in order to prevent soil deterioration and the 
entrance of weeds or undesirable hardwood species. In the absence 
of other trees over a space larger than about two or more square 
rods trees of all crown classes should be retained. The trees in a 
well-stocked thinned stand of shortleaf should maintain a general 
uniformity in height. 

Figure 4 shows graphically the actual appearance of the canopy of 
a 30-year-old stand and the same after it was thinned by the removal 
of 9 suppressed and 4 intermediate trees, equivalent to 46.4 per cent 
of the number of trees, or about 8 per cent of the cubic volume. 

In this case thinning was badly needed because of the number of 
trees in the lower crown classes and overcrowding in the main 


A 


Fic. 4,—Canopy of a crowded shortleaf pine stand 30 years old; (A) before thinning; 
(B) after thinning. D dominant, C codominant, I intermediate, S suppressed. 


canopy. The expansion of the crowns of the remaining trees will 
rapidly fill openings, making a second thinning necessary in about 
five years. The selection of trees among the various crown classes 
for thinning should always be preceded by the removal of unsound 
and defective trees, such as those with crooked, forked, or short 
knotty trunks. The presence of “punk,” or the fruiting body of a 
fungus, is certain evidence of a diseased tree. 

In mixed stands the pine should be favored at the expense of the 
hardwoods practically always except on the least favorable situations 
and extreme outer limits of its range. Artificial thinning will ac- 
celerate growth, however, and make the tree successful on situations 
formerly considered unfavorable. In proportion to the amount of 
air and soil space occupied shortleaf pine produces more timber 
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than any of its hardwood associates. In the lower and deeper soils 
red gum comes close to shortleaf pine in volume production. In 
general the principles of thinnings stated above for pure stands 
apply with only minor modifications to mixed pine and hardwood 


stands. 
RETURNS FROM THINNED STANDS. 


The relation of cost to financial return is much the same for 
thinning shortleaf stands as for similar operations with farm crops. 
The material obtained from thinnings can usually be utilized for 
cordwood, rails, and other purposes, and often pays for the work 
from the start. A market for peeled poles can perhaps be developed, 
especially in view of the success of treating sap pine with wood pre- 
servatives. The factors which determine the immediate financial 
success of thinning an acre of young pine vary widely with age, 
density, location, and opportunity fcr using the product. 

The results obtained by thinning shortleaf pine in Virginia have 
been studied by the Forest Service in cooperation with the Depart- 
ment of Agriculture and Immigration of the State of Virginia. 
The study was made by Mr. W. W. Ashe, of the Forest Service, and 
the results are embodied in a publication issued in 1913 by the State, 
entitled “ Shortleaf Pine in Virginia—The Increase in Its Yield by 


Thinnings.” The tables and discussion which follow are based upon 


this report, and may be considered applicable over the northern and 
central Piedmont region, and with relatively small modifications over 
the entire region of distribution. 

Saw timber—The largest yield of saw timber is obtained from 
stands which are periodically and lightly thinned, following an 
earlier period of moderate crowding. The possibilities of increase in 
yield of lumber as a direct result of thinning are clearly indicated 
in Table 20, showing yields for understocked, thinned, and crowded 
unthinned stands. 


TABLE 20.—Yield’* of saw timber from understocked, crowded, and thinned 
stands of shortleaf pine in Virginia. 


[Trees 9 inches and over in diameter at breast height.) 


Crowded stands, Fully stocked, Understocked 
unthinned. thinned stands. stands. 
Age. SS Se 
Trees . Trees . Trees : 
per acre. Yield. per’acre. Yield. per acre. Yield. 
Years Bd. ft. Bd. ft Bd. ft 
30 1, 235 200 765 8, 400 350 3, 800 
40 860 6, 000 505 | 16,400 300 , 700 
50 535 13, 100 355 20, 400 150 6, 900 
60 395 16, 800 255 23, 000 100 7, 800 


1 Yield in terms of mill cut production under close utilization. 
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The yield in saw timber of a crowded stand 30 years old is very 
small, because very few trees have attained a merchantable diameter. 
The largest diameters occur in understocked stands, which yield con- 
siderably less, however, than fully stocked thinned stands. If the 
material derived from the thinnings is of sufficient value to pay for | 
the cutting or to yield a profit, the cost per thousand feet of growing 
saw timber in fully stocked thinned stands is less than in either 
crowded or understocked stands. If thinnings do not pay for them- 
selves the cost is greater. At the age of about 48 years, when thinned 
stands reach their maximum annual yield, the diameter of the average- 
sized tree is about 9.5 inches breast high, or 11.5 inches on the stump. 
The average annual yield of saw timber at that time from trees 9 © 
inches and over in diameter is 410 board feet. For similar unthinned 
stands the maximum annual yield occurs at the age of about 57 years, 
and the tree averages 8.2 inches at breast height, or 9.8 inches on the 
stump. The annual increment at different ages from unthinned and 
thinned stands is shown in Table 21. 


TABLE 21.—Average annual increment per acre of saw timber from thinned and 
unthinned shortleaf-pine stands in Virginia. 


[Trees 9 inches and over in diameter, measured at breast height.) 


Thinned stand (thin- 


nings neglected). Unthinned stand. 
Age. Periodic : Periodie 
Average annual Average annual 
annual increment annual increment 
increment.| foreach |increment.| for each 
decade. decade. 
Years Bd. ft Bd. ft. Bd. ft. Bd. ft 
3 DO pt aie arate no ect ces ere eS 
40 410 800 150 fae fa eee 
50 408 400 262 710 
260 250 190 
70 357 200 238 170 


In calculating the cost of growing shortleaf pine saw timber, com- 
pound interest on the value of the land, accumulated taxes, and other 
expenses must be considered. The effect of thinning upon the final 
yield and upon the cost of growing shortleaf pine are shown in 
Table 22. The calculation assumes a land value of $5 per acre, 
taxes and other expenses at the rate of 1 per cent on the land value, 
and net annual returns of 5 per cent on the investment in land and 
cost of stocking. The lowest cost for unthinned stands was $6.25 and 
for thinned stands $2.21 per thousand feet. The age at which the 
cost is lowest, or the financial maturity of the timber, was 45 years 
for natural stands and 35 years for the thinned stands. 
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TABLE 22.—Cost of growing shortleaf-pine saw timber in thinned and unthinned 
stands in Virginia. 


Unthinned stand. Thinned stand. 
Bee! Net cost Cost of 
stand. | Accumu- Cost of CUCesUp ek OSE O 
latedcost off Yield. | growing | .Oducing |Finalyield./°y poe a 
; investment. per M. crop.1 ean 
Years. Dollis. Bd. ft. Dolls. Dolls. Bd. ft. Dolls. 
20 TL Ofer | Sacer ciseaisicraia lochs ct sias<isieiae SUES (DATs Fas SVS ee i [hen pee ee oy 
25 NGRAG alee eeis ens cos leeccsceleees 15. 68 900 17.00 
30 23.72 PAY UNE been sae eyes 21.75 8, 400 2.59 
35 33. 43 1,400 23.80 29. 64 13, 400 PISPAL 
40 ~ 46.43 6, 000 7.64 40. 06 16, 400 2.44 
45 63. 82 10, 200 6.25 54.33 18, 700 2.90 
50 87.10 13,106 6. 70 73.70 20, 400 3.61 


1 After allowing for profit from thinnings in the form of cordwood. 


The total stumpage value of old fields at various ages and the 
gross returns yielded on the original investment in land are given in 
Table 23. The investment on which the gross rate of profit is based 
includes taxes and cost of protection, assumed to be 1 per cent of the 
land value, here placed at $5 per acre. The material from the thin- 
nings is assumed to cover the cost of cutting without profit or loss. 


TABLE 23.—Interest yielded and total stumpage value per acre of thinned and 
unthinned stands of shorileaf pine in Virginia. 


Thinned stand. Unthinned stand. 
zee Value of | Gross rate Gross rate 
* | Yield per stand percent | Yieldper | Valueof | percent 
acre. neglecting | yielded on acre. stand. yielded on 
thinnings.! | land value. land value. 


SS eg ee ey 


Years.| Bd.ft. Dollars. Per cent. Bd.fi. Dollars. Per cent. 


30 8, 400 16. 80 A158: ol lnopocuqaaodal badocacoo0gd bacsoosnsoHue 
35 13, 400 26. 80 Sh) “Woooscdsasaad jagaobacouadd Bouccoacasce 
40 16, 400 82. 80 5.0 6, 000 12. 00 2.5 
45 18,700 37.40 4.5 10, 200 20. 40 3.2 
50 20, 400 40. 80 4.0 13, 100 26.20 3.3 


1 Stumpage at $2 per thousand feet. 


Cordwood.—Since the yield of cordwood from stands of shortleaf 
pine depends more upon the number than upon the size of the indi- 
vidual trees on a given area, thinnings are not so profitable for cord- 
wood as for saw timber. At the age of 45 years properly thinned 
stands show an increase in cordwood of 33 per cent, including thin- 
nings; an increase in saw timber of 80 per cent over natural unthinned 
stands. In each case regular thinnings are made at intervals of five 
years. Since there is little increase in the actual volume of unthinned 
stands after the ages of about 35 to 40 years in Virginia, the rotation 
for cordwood there is relatively short and the maximum jield is 
reached much earlier than for the production of lumber. 
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Tables 24, 25, and 26 show the total yield in cordwood, yearly 
increment, cost of growing, and the stumpage value per acre, and 
gross rate of money return on the investment for various ages from 
thinned and unthinned stands. 


TABLE 24.—Cordwood yield per acre of unthinned and thinned pure stands of 
shortleaf pine in Virginia. 


[Trees 3 inches and over in diameter breast high.] 


Unthinned stands. Thinned stands—Yield of thinnings. 
Number F Average 
x araalaene Volume |_ trees ADD Volume | Total | Total annual 
Bee ¢ dif Average | ofstand | which sist oftrees | ofall thin- incre- 
ae an incre- before can be Pew on removed | previous} nings | ment, in- 
ment. each |removed | Grirees | imeach | thin- and cluding 
ages thinning.| ineach | Ooved ee nings. | stand. | thin- 
g. nings, 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Years.| Cords.2 | Cords.2 Cords. Inches. Cords. Cords. | Cords. | Cords. 
20 47 2.3 47.0 930 3.3 Gels [iy cee A 47.0 2.3 
25 57 2.2 52.0 205 4.5 5.1 6.1 58. 1 2.3 
30 62 2.1 57.0 150 5.0 5.0 11.2 68. 2 2.3 
35 64 1.9 60. 0 110 5.5 4.8 16.2 76. 2 2.2 
40 65 7, 60. 0 85 6.0 4.3 21.0 81.0 2.0 
45 64 1.3 59. 0 68 6.5 4.0 25.3 84.3 1.8 
50 63 1.2 57.0 55 7.0 3. 6 29.3 86.3 1.7 
55 61 Tea 54.5 45 TAO See eee 32.9 87.4 1.6 


1Column 9 is the sum of colums 4 and 8. 
2 A cord refers to the standard cord of 128 sticked cubic feet, reducible to the long cord by dividing by 
1.25. Wood has the bark on and all trees are taken 3 inches and over in diameter. 


TABLE 25.—Cost per cord of growing shortleaf-pine cordwood in unthinned and 
thinned stands, thinnings included. 


Thinned stands. 
Unthinned stands. 
Thinnings 
era Wal oe eee ee to Net cost 
= ae Des acre | Pinal Cost of 
ota of pro- : growing 
i . Cost of Assumed} Accu F yield 5 
sented vied. growing |Amount.| value | mulated re per cord. 
age * | per cord.2 per cord.| value. E 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Years.| Dollars. | Cords. | Dollars. Cords. Potions. Dollars. | Dollars. | Cords. | Dollars. 
7. | ee 11. 04 47 0. 23 6.1 a a fe ae 11. 04 47 0. 23 
D5 eee E 16. 46 57 . 28 5 Das 0. 78 15. 68 52 30 
30 TBST Pe 62 .38 5.0 20 1.97 7A ea > 57 38 
35522 33. 43 64 Aye 4.8 25 3. 79 29. 64 60 49 
40 46. 43 65 - 81 4.3 25 6.37 40.06 60 66 
45 63. 82 64 .99 4.0 25 9.50 54.33 59 92 
50 87.10 63 1FS8 0 os cclees lee ouieenees 13. 40 73.70 57 1.30 


1 Obtained by calculating the interest at 5 per cent, plus 1 per cent for taxes, making a total of 6 per cent, 
compounded annually on a land value of $5 per acre. Since the land will remain after the timber is sold, 
its value is not included in the cost of growing. 

2 Obtained by dividing column 2 by column 3. 

2 The Pin hi of columns 5 and 6 compounded at 5 per cent every 5-year period. The value of w 
Saale a thinnings (column 6) is only nominal on account of its small size and the difficulty of maki 


4 athe Pamatiaer after deducting column 7 from column 2. 
5 Obtained by dividing column 8 by column 9. 
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Fic. 1.—SHORTLEAF REPRODUCTION ENTERING AS SECOND STORY IN OPENINGS IN AN 
EVEN-AGED STAND IN NEW JERSEY. 


F-14208A 


Fig. 2.—A 30-YEAR-OLD SHORTLEAF STAND IN VIRGINIA PRIOR TO THINNING. 


STANDS OF YOUNG SHORTLEAF PINE. 


Bul. 308, U. S. Dept. of Agriculture. PLATE X. 


F-98469 


TYPICAL INCREASED GROWTH OF A 66-YEAR-OLD SHORTLEAF PINE SINCE LOGGING 
5 YEARS AGO. HELLBIG, PIKE CouNTY, ARK. ABouT 200 PER CENT INCREASE 
OVER PREVIOUS 5-YEAR PERIOD. 
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TABLE 26.—Stumpage value per acre and gross interest yielded on land value 
from cordwood in old field stands of shortleaf pine in Virginia” 


Thinned stand. Unthinned stand. 
Total value per 
acre includ- Gross rate Gross rate 
Age. | Final. | ing accumu- per cent | Yield | Value of} per cent 
yield. | lated value of yielded per stand. yielded 
thinnings at 4 | on land acre. on land 
per cent com- value.2 value. 
pound interest. 
Per cent. | Cords. | Dolls. Per cent. 
SEN Rit emai 47 11.75 583 
4.0 57 14. 25 4.2 
4.0 62 15.50 3.8 
3.8 64 16. 00 3.5 
3.6 65 16, 25 3.0 
3.5 64 16. 00 2.8 
3.2 63 15.75 2.5 


1Cordwood stumpage valued at 25 cents. 
2 Gross interest rate is figured on an investment including cost of protection, and interest on land value 
assumed to be $5 per acre. ‘Taxes and other costs equal 1 per cent. 


CUTTING AND REPRODUCTION. 


In forest management the cutting of stands is looked upon as an 
‘intermediate step in the continuous process of timber production. 
‘The capacity of the species for natural regeneration usually deter- 
mines the method of final cut. The easy reproduction of shortleaf 
pine avoids a loss of time between the timber crops and permits of 
concentration and economy in lumbering. As the seed is small and 
matures in abundance about every third year, with partial crops 
in the interval, it is aggressive and takes complete possession of 
abandoned fields and clearings. (See PI. V.) 

The essential requirements for the formation of fully stocked 
- young stands are (1) an abundance of light, secured by making 
large-sized openings, and (2) the presence of seed-bearing trees 
scattered over or near the openings. The method of cutting depends 
upon whether the stand is pure or mixed. Shortleaf is most produc- 
tive in pure stands (Pl. TX). 


PURE STANDS. 


For pure stands some form of the clear-cutting system should be 
used. Two methods are suggested. One leaves isolated seed trees 
scattered uniformly over the tract, and is applicable when the bulk 
of the contents of the stand is to be taken at one lumbering oper- 
ation. This system may be modified and applied in the form of 
a strip, group, or compartment. The other is to clear cut in strips. 

The first method scatters seed uniformly and leaves a few trees 
on the ground for local use after the young growth has been estab- 
lished. This is often a convenience on farms or near small settle- 
ments. Trees left for seed should have well-developed crowns and 
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good root systems so as to be windfirm. Such trees may not occur 
naturally in the stand. In this case it is advisable to make the last 
thinning in such a manner as to develop from 4 to 10 good seed 
trees per acre, well distributed over the area. The number will 
depend upon the age and size of the trees, more being left on eleva- 
tions than elsewhere. In the case of long-stemmed, slender trees, 
groups of two to four serve the purpose better than single trees. 
At least an average of three of these small groups should be selected 
for each acre. The crowns of the individual trees or groups as a 
whole should be entirely freed on all sides by the last thinning. Due 
allowance should be made for old “ forest ” or “ heart ” pine trees that 
may be left along fence rows or along the margin of a stand. These 
are usually heavy seed producers. It is essential to mark the good 
seed-producing trees in advance of logging. Blazing or boxing is 
injurious and should be strictly avoided. Some simple method, such 
as the use of strips of old sacking or burlap, is effective and inex- 
pensive. Light hacking in the outer bark only, if done carefully on 
two sides of the tree, is one method of identifying the trees against 
cutting. All other merchantable trees may be cut, but if the stand - 
is younger than about 35 years many of the small-sized lower crown 
classes will recover if left after logging. In most stands there are 
shade-enduring hardwoods, such as persimmon, sassafras, and dog- 
wood, which have entered small openings in the pine. It is desir- 
able to cut these in order to prevent their developing later and 
overshading the pine saplings. | 

In unthinned, well-stocked stands good seed trees are not usually 
developed until the maximum height growth is passed and crown iso- 
lation begins to take place, which is at about 40 or 50 years. There 
are present also many trees of the lower sizes, too small to saw into 
lumber without a high degree of waste. In such cases the large trees 
may be logged in a first cutting and the operation repeated after an 
interval of 5 to 10 years. Groups of seedlings will establish them- 
selves in the successive openings thus left. The remainder of the 
stand, previously thinned at the time of the second cut, may be re- 
moved in a third cutting as soon as a thorough restocking is assured, 
or they may be held over to form large standards for cutting during 
the first thinning of the younger stand. In understocked stands a 
larger per cent of the trees are of a merchantable size and can be 
taken in the first cut. Seed trees are developed from the smaller 
trees, which are of less value for saw timber and show rapid develop- 
ment in crown spread and seed production through an increased 
light supply. 

The second method (strip method) leaves alternate strips of clear- 
cut land and standing timber. The openings may be as wide as four 
times the average height of the trees and the timber strips one-fourth 
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the width of the opening. With trees averaging 60 feet in height the 
relation would be 240 feet of opening to each 60 feet of timber. This 
- would remove four-fifths of the stand and reduce the second cut, or 
removal of the seed strips, to an operation of small size. If logging 
' costs or market conditions should make such a small cut impracticable 
the strips should be made of equal width. In case a large tract is 
being managed to secure a periodic yield, which is sustained, but com- 
paratively small, the strips are cut successively starting from some 
- point or points on the leeward side of the stand. A strip is cut at 
_ right angles to the prevailing winds, and another is made to the wind- 
ward as soon as regeneration is fully secured in the first, and so on. 
When a strip is being cut, the next one may be thinned by the re- 
moval of all the smaller and some of the medium sized trees. This 
stimulates seed producing within the stand as an aid in restocking the 
cleared strip. The last remaining strip in the series should be heavily 
thinned at the time of the preceding cutting and only 15 to 20 of the 
larger trees left on each acre. These will serve as seed trees, and on 
account of the rapid crown development following thinning they 
should fully restock both strips in the course of three to seven years. 
After this has been accomplished they are removed, as the final cut- 
ting of the original stand. 


MIXED STANDS. 


In mixed stands where shortleaf pine is in competition with 
various hardwoods it has been found most profitable to encourage 
the pine, thus bringing about a gradual change in the forest type. 
Detailed studies carried on by the State in western North Carolina 
show that this is true in forest management of mixed second-growth 
oak and pine forests’ over the Piedmont region from Virginia to 
Georgia. This is recommended because of the rapid rate of growth 
and greater general usefulness of the pine timber. Its compact crown 
and ability to grow with only overhead light enable young shortleaf 
pine to keep pace with or emerge from the general level of its asso- 
ciates following the coppicing of hardwoods. In brief, the essential 
steps in accomplishing this desired end are (1) adequate provision 
for pine seed trees, (2) protection of the young pine in cutting and 
logging, (3) opening up the forest by the removal of a larger percent- 
age of the hardwoods, and (4) reducing the firemenace. Inthe mixed 
stands in the National Forests of western Arkansas and adjacent 
regions the ranging of hogs in large numbers for many years past 
has very greatly reduced the natural seeding of the associated nut- 
bearing oaks and hickories, and by preparing a good seed bed has 
considerably increased that of shortleaf pine. An advantage is 


1 Bulletin 23, Forest Conditions in Western North Carolina, and Press Bulletins 64 to 
84, North Carolina Geologic and Hconomic Survey. 
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gained over the hardwoods by cutting them from July to early 
September, when the sprouting capacity is at its lowest point. 

In mixed stands the crowns average larger than in pure stands, 
with the result of an earlier and larger seed production. The crowns 
of seed trees should be freed on all sides. Not less than three and 
usually not more than eight trees, varying with the average seeding 
capacity, will be needed for each acre. The formation of pure 
groups on favorable sites, rather than pure stands over larger, vari- 
able sites, should be the aim. In some parts of the South scrub pine 
competes strongly with shortleaf, and on account of its inferior tim- 
ber should be removed in order to favor shortleaf in seeding up 
cut-over tracts or abandoned agricultural land. 

The selection and clear-cutting methods are alike applicable to 
mixed and uneven-aged stands. Of these, the selection method is 
best suited to the prevailing form of mixed stands. The groups of 
shortleaf pine frequently found among mixed hardwoods are in 
reality small-sized pure stands and should be handled as such. They 
are usually even aged, and can be regenerated best by leaving suffi- 
cient seed trees to restock the tract completely at an early date. 
The individual selection of the trees as soon as they have reached 
the most profitable size is the simplest form of final cutting. This 
must be modified as required by the dominant aim of increasing the 
proportion of shortleaf over the less valuable hardwoods. To do 
this, trees for natural seeding purposes are needed. In many in- 
stances much of the shortleaf may profitably be left for the second 
cutting. It will then have served its purpose of seeding, and a 
larger amount will be ready for the saw. 


CUTTING ON THE NATIONAL FORESTS OF ARKANSAS. 


On the two National Forests of Arkansas, where the mixed type 
prevails, the ultimate aim in the silvicultural management of short- 
leaf pine is to convert the present more or less uneven-aged forest 
into even-aged stands. The bulk of the shortleaf pine on these Na- 
tional Forests large enough to cut is from 70 to 175 years old, ranging 
from over 225 years down to 55 years for trees on the warm slopes. 
Careful marking of all trees to be cut assures sufficient seed trees. 
In addition, a minimum diameter limit of 14 inches breast high, 
equivalent to a stump diameter of 14.9 inches inside bark on a stump 
1 foot high, protects the young trees, whose growth and value are 
increasing at the most rapid rate. It usually provides ample seed 
trees for restocking and some basis, at least, for a second cut. 
Growth! and volume? tables for western Arkansas show a 14-inch 


1U. S. Department of Agriculture Bulletin No. 244, “ Life History of Shortleaf Pine.” 
2 Table 29, Appendix. 
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shortleaf pine to be 70 years old, 69 feet high, and to contain 170 
feet of saw timber, scaled by the Scribner rule. If left 30 years for a 
second cut, the 14-inch tree will be 100 years old, 16.5 inches in di- 
ameter, 74 feet high, and scale 270 feet by the Scribner rule. 

An area of 18 acres on a typical cut-over tract on the Arkansas 
National Forest cut to a 14-inch diameter limit contained an average 
of 21.4 shortleaf pines per acre, of which 12.4 were 10 inches and 
over, breast-high diameter, and yielded 1,497 board feet per acre. 
The actual cut of pine on the sale area of 800 acres averaged 2,434 
board feet per acre, or almost exactly 62.5 per cent of original stand 
of 4,000 feet. Table 27 shows the size and number of trees left on a 
sample 18 acres of this sale: 


TABLE 27.—Shortleaf pine left on 18 acres of typical cut-over tract on the Ar- 
- kansas National Forest.* 


Trees. 

DIAMCLRS = eS Sle 2) Oe oo pees 
(breast- 1 Teas 
high) Sample tract. Arvetdzo)|) <hieh) 
in 1910. © |———_————————_—__| Total. | number | im 1940.2 

1 2 3 per acre. 

Inches ’ Inches. 
cceee we: tal eS 8 9 0.5 11.0 
Giste es: 2 4 10 16 9 12.0 
ieee ces 2 9 20 31 iby 12.3 
822818 - 3 14 27 44 2.4 12.8 
DE ace ee 14 14 35 63 3.5 13.4 
LO Soe Se 4 12 24 40 2.2 14.0 
MAb eeS Fo 24 14 26 64 3.6 14.6 
A Dy sos es 16 5 25 46 2.6 1552 
AS Eanes 12 3 13 28 1.6 16.0 
ee omen 3 2 13 20 11 16.6 
1 Seeeee 3 3 5 11 -6 17.3 
AG3s Hs eS. 3 3 3 9 25 17.8 
Wis 38 o3Oes GSE e one [rites deece 1 ai 18.5 
PQiees «fa eese stse eek «ks 1 1 ol 19.2 

Total 89 84 210 383 a ee. a eS Ae 
DIAMETER AND YIELD IN ABGCVE STAND. 
Trees. Yield. Diameter 

i eee See See see (OU eo es STOUDS 
Danmar breast-) 

StoupS: Total (18| Average | Total (18| Average high) 
acres). | peracre. | acres). | peracre. | - in 1940. 

Inches. Bd. ft. Bd. ft. Inches. 

AGOOE Se ceees 161 OEOM Saisie oes ee otic Se 11 to 13.5 

LOMO Reo = 178 10.0 20, 980 1,166 | 14 to 16 

14 and above. 44 2.4 5, 960 331 | 16.5 up. 


Total... 383 21.4 26, 940 LAG (elesiae eee ee 


i Plots selected and measured by H. D. Burrall, January, 1911, in mixed shortleaf and hardwood stand. 
Three sample plots of 6 acreseach. Stand cut to 14-inch diameter limit. 

2 Based on diameter and growth tables in U. S. Department of Agriculture Bulletin 244, ‘Life History 
of Shortleaf Pine.” 


If a second cut is made in 30 years, the trees now 10 to 14 inches 
will have reached diameters of 14 and 16.5 inches, respectively. On 
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this tract there should be at least 10 trees per acre, allowing for a 
20 per cent loss in the 30 years. Since shortleaf in forest stands, 
unless crowded, begins to seed at 30 to 40 years, trees 14 inches and 
over are at least 3 decades beyond the beginning of seed-bearing 
age, and probably fully one-third were actual seed producers at the 
time of the logging. A minimum diameter limit of 14 inches usuaily 
provides ample seed trees and a basis of about 10 trees, varying 
considerably, for a second cut in 30 years. The volume of the 12.4 
trees per acre, 10 inches and over in diameter, left on the above 
cut-over tract, in 80 years will scale 2,675 feet, not counting losses. 
On the basis, however, of a probable reduction to 10 trees per acre 
and allowing 20 per cent reduction in scale for defect and breakage, 
the yield at the end of 30 years will be approximately 2,100 feet or 
an increase of 40 per cent over the present yield. The factor of 
accelerated growth, which must be included in the calculation, may 
safely be counted on to increase the rate at least one-half of the 
normal, or to a total yield of 2,400 feet. The power of accelerated 
growth following suppression is definitely known to be retained by 
shortleaf west of the Mississippi to considerably beyond the age of — 
70 years. In 7 representative trees, averaging 67 years old (45 to 
101 years old), the growth in basal area in the 5 years after logging © 
was 171.4 per cent greater than in the previous 5-year period prior 
to cutting. (Plate X.) It is believed that the above calculation is 

conservative. | 

A 10-inch diameter limit, which represents an average age of 40 
years, is about the present minimum commercial diameter limit for 
the region. If this limit were adopted, it would clearly be neces- 
sary in every operation to make special provision for retaining sufli- 
cient seed trees. This sort of cutting would result in more uniform 
conditions on the ground following logging, largely increase the 
area for incoming reproduction, and thereby gain some ground 
toward bringing about the desired even-aged form of forest. Wher- 
ever the present stand is dominated strongly by pine, in contrast to 
-the mixed pine and hardwoods, and the region is rough or rather — 
inaccessible, it appears that cutting to include the smallest mer- 
chantable size will give good results. 

The silvicultural principles upon which the marking and logging © 
of shortleaf pine are based are: The high capacity of the species for 
recovery after suppression, and abundance of seed and demand of the 
seedlings for light; the possibility, under certain conditions, that 
shortleaf can profitably be managed on a relatively short rotation; 
the desirability of growing shortleaf in even-aged pine stands, and 
at the same time, where necessary, during the first rotation, retaining 
the younger portion of the stand for a second cut in 30 or more 
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years. The procedure, in summary, is to (1) protect the vigorous 
younger growing stock and all pine reproduction against cutting; 
(2) retain sufficient wind-firm and full-crowned seed trees to provide 
for completely restocking the area, if possible within the next three 
years, or natural cycle of full seed production; (3) cut diseased and 
deformed trees if not needed for seed (leave these for seed only in 
the absence of better trees); (4) create as full an opening of the 
forest floor as possible to supply light to the young trees; (5) 
utilize the hardwoods, favoring white oak over other species because 
of its greater value; and (6) prevent fires. It is practically certain 
that shortleaf pine can be profitably extended much more widely 
_ within its natural range than it is now by following these suggestions. 


REGENERATION BY SOWING AND PLANTING. 


Where it can be secured, natural reproduction is of course best, but 
- sometimes it is desirable to start a complete young stand by sowing 
or planting, especially to fill in blank spaces. The vigor and hardi- 
ness of shortleaf pine on well-drained or moderately dry soils make 
it particularly valuable for reforesting eroded slopes and dry ridges, 
where, on account of lack of moisture, the growth of hardwoods is 
retarded. Within its range few other species are so well adapted for 
reforesting abandoned fields, even those badly gullied, and water- 
_ sheds supplying water to towns and cities. The work of sowing and 
planting is especially important because the mature trees which 
seeded the present old field stands a quarter of a century ago have 
now become very scarce. 

Sowing the seed directly in the field is usually much the cheaper, 
but transplanting the young trees from nursery beds is the surer 
method of securing a complete stand. 

In direct seeding two methods of preparing the soil are commonly ~ 
employed. Throwing two or three furrows together reduces the weed 
competition and prepares a favorable seed bed. Where the surface is 

_ rough, steep, or otherwise unfitted for the use of a plow, seed spots 
are prepared by digging up a space 12 to 18 inches square with a mat- 
tock, or, in very loose soil, an ordinary garden hoe. If the soil is 
loose and reasonably free from weeds, etc., smaller “ spots” are some- 
times satisfactory. The seeds are then well scattered in the prepared 
soil and carefully covered. In the plowed furrows seed is sown either 
in seed spots and covered by using a light mattock or heavy garden 
hoe or scattered by hand and the strip run over by a brush or spike- 
toothed harrow. A covering usually of not more than one-quarter of 
an inch of fine mineral soil is desirable, Too deep covering is unfav- 


METHODS. 
B. : 
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orable. In dry, loose soil ight pressure with the hoe, mattock blade, — 


or shoe sole will aid in checking excessive drying of the surface layer. | 
In order to secure good germination nothing is better than to scatter — 
a half inch or so of fine leaf litter or humus over the surface in addi- — 
tion to the light firming of the mineral soil. A handful of partly | 


decomposed “ pine straw ” will answer this purpose very well. Early 
spring is probably the most favorable time for seed sowing, although 
good results may be expected from fall sowing if the seed is not mo- 


lested by animals. Fresh seeds will germinate in 15 to 30 days, vary- | 


ing with local climatic conditions. 


A spacing of 6 by 6 feet for the seed spots, or 1,210 per acre, is con: _ 
sidered about right to provide for a density during early life close | 
enough to stimulate rapid height growth. Regular spacing is not 
always possible, especially if the tract to be sown contains scattered — 
trees and bushes. A spacing of 8 by 8 feet may be used but does not © 
give quite the desired form development; and closer spacing, for © 
example, 4 by 4 feet, is objectionable, chiefly on account of the addi- — 
tional expense and the need for earlier thinning when the product is — 
insufficient to pay for the labor. Losses of seedlings in considerable — 
numbers because of fungi and animals may be expected during the ~ 
first one or two years even if protection is afforded. At least 15 to 20 — 
seeds should be sown on each seed spot, allowing for a germifiation of 
40 to 50 per cent for average seed, and the usual destruction of young _ 
seedlings during early life. It is desirable that by the end of the 
germination period each seed spot should contain from five to eight — 
thrifty seedlings. At this rate of sowing and spacing a little over — 
half a pound of seed will be required to sow an acre.t Sowing broad- — 
cast in plowed furrow strips will usually require a little more seed to — 


obtain the same stand per acre. 


Shortleaf pine bears seed abundantly at intervals of from one to ; 


three years. The collection of seed is a simple process and not ex- 


pensive. It is done to best advantage where logging is in progress. ¢ 
The cones are collected from the tops during a period of two to — 


five weeks prior to the time when they would naturally open on the 


tree. The seed is readily released by applying heat gradually to 


the cones spread on fine wire mesh, or by exposing them to the dry- 
ing action of the sun.’ 

Planting nursery-grown seedlings gives more uniform results than 
field sowing, but is generally more expensive. The seeds are sown in 


early spring in prepared and protected beds. Beds 4 by 12 feet * 


1 This allows for average well-cleaned seed. If the seed contains much cone scale and 
leaf litter, allowance should be made accordingly. Clean shortleaf pine seeds average 
sixty thousand to the pound. 


2 For additional directions, see Forest Service Circular 208, ‘‘ Extracting and Cleaning ~ 


Forest Tree Seed.’’ 
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are convenient and are extensively used. Sowing is sometimes done 
in drills spaced 6 inches apart running crosswise in the beds. This 
_ permits of cultivation between the rows. Otherwise seed is sown 

broadcast over the bed and covered by sifting fine sand to a depth 
of about one-quarter inch. This method better utilizes space in the 
seedbed and is therefore cheaper. in the latter case about 300 seeds 
should be sown on each square foot, or a total of one-quarter of a 
pound of clean seed on each standard seedbed (4 by 12 feet) in 
order to obtain a final stand of about 5,000 seedlings. This is about 
100 per square foot. Sowing at the rate of 50 seed per linear foot in 
the drills, less than one-tenth of a pound of seed will be required 
for each seed bed, on which a stand of 2,000 seedlings is desired. 
These quantities of seed are based upon a germination vigor of 50 
to 60 per cent and the probable natural loss of seedlings during the 
first few weeks. 

One-year-old seedlings are inexpensive to raise and handle and 
give good results when planted out in favorable situations. ‘Two- 
_ year-old stock, either seedlings or one year in the transplant bed, 
give better results on weedy or otherwise unfavorable sites. For 
_ the most unfavorable situations 2-year-old transplants are best. To 
produce these, 1-year-old seedlings with their roots pruned to about 
8 inches in length should be transplanted early in the preceding 
spring into open nursery beds. A spacing of 3 inches in rows 6 
inches apart is recommended. Field planting is done preferably in 
_ early spring just before root activity starts. Late fall is also a favor- 
able time, and in case of large operations advantage may be taken of 
_both seasons. 

FORM OF PLANTATION. 


Shortleaf pine is admirably adapted to pure plantations, which 
are strongly recommended over any kind of mixture in starting 
young forest stands. Shortleaf may, however, be planted in mixture 
with heavier foliaged species of slower growth—for example, sugar 
maple and such durable and valuable wood as red juniper. This mix- 
ture occurs naturally as a two-storied forest in the Piedmont region. 
Other species suitable for use in mixture are white, chestnut, red, and 
black oaks, and hickory. All of these except the close-crowned juni- 
per require much larger growing space and greatly decrease the 
yield of the pine per acre. In the higher portions of the Piedmont 
plateau and the southern Appalachian range, white pine and short- 
leaf in mixture have given good results.t. The shortleaf, unlike the 
white pine, prunes itself quickly. The red pine and western yellow 
pine are not successful in mixture with shortleaf because of the at- 


1Dr. C. A. Schenck, formerly in charge of the forest on the Biltmore Vanderbilt estate. 
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tacks of Aecidium pini, a rust fungus. Pure plantations of shortleaf 
promise larger financial returns than any other form. Mixed stands 


f 


4 


afford better protection against large losses from disease and insect ~ 


ravages, aS well as a variety of wood for use on the farm and to 


supply markets which may offer better returns for such sales. 
Plantations of shortleaf now cover several hundred acres on the 


Vanderbilt estate at Biltmore in western North Carolina. These 
were planted beginning about 1900 when this estate was placed under 
intensive forest management. The average growth in height of the 
9-year-old shortleaf pine measured on eight different tracts cover- 
ing an area of 66 acres was exactly 2 feet annually. The stock used 
was mostly 1-year-old seedlings, and some 2 years old. Shortleaf 
has been planted in pure stands and in mixture with sugar maple, 
white pine, walnut, and other hardwoods. The plantations are 
strikingly uniform in development and have suffered no serious 
injury. At 9 years old in mixed plantations sugar maple averages 
about 7 feet in height, shortleaf pine 18 feet, and white pine mostly 
from 2 to 5 feet less than the shortleaf.1 For the upper altitudes 
of 2,200 to 3,000 feet this mixture was successful, although the pure 
stands are equally so and are to be preferred. The trees were mostly 
planted 2 feet apart in rows spaced 5 feet,’ and following the con- 
tour of the hills in order to check soil erosion. The small 1-year-old 
seedlings were planted in holes made with a dibble (wooden spike 
with a handle). Experimental plantations have been made by New 
Jersey, South Carolina, and possibly other States, but the planting 
of shortleaf pine on an extensive scale at Biltmore furnishes the 
best example of the possibility of artificial reforestation. 


PROTECTION. 


Protection against fire and cattle is essential until the trees are 
2 to 4 inches in diameter and the bark is thick enough to prevent 
injury from these sources. Shortleaf, however, sprouts freely fol- 
lowing fire or cutting during the period up to about 10 years of age. 
In field seeding, mice, chipmunks, and other forms of animal life 
frequently cause damage during germination. The best means of 
combating these is to scatter poisoned grain or seed over the tract 
about a week before and again at the time of seed sowing. In more 
remote regions, where stock laws are antiquated or poorly enforced, 
it may be necessary to exclude hogs, since they sometimes root up 
seed spots, although they do not eat the small seeds to any extent. 


1 Dr. C. A. Schenck, formerly in charge of the forest on the Biltmore Vanderbilt estate. 

2 For average conditions this is much too close a spacing. 

2 Formulas for poisoned bait can be obtained upon application to the Bureau of Bio- 
logical Survey, Washington, D. C. 
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COST. 


The cost of direct seeding varies with the price of labor and size 
of the operation. From one-half to 1 pound of seed is required for 
an acre, and one man can sow at the rate of an acre a day. On the 
basis of $1.50 for labor and $2.50 for seed, the cost is not over $4 
per acre. If the soil preparation is by furrow plowing, the item of 
labor is increased from 50 cents to $1 per acre. To this must be 
added the value of the land to get the total initial cost of the in- 
vestment. 

The cost of raising 1-year-old seedlings in lots of 50,000 to 200,000 
is about $2 per thousand, 2-year seedlings about $2.50, and 2-year-old 
transplants $3.50 per thousand. ‘The field labor for planting an acre, 
spaced 5 by 5 feet, requires one man about two days with the 1-year- 
old seedlings, or three days with the largest-sized transplants. The 
total cost of plantations is $5 to $8 per acre. 

The returns and cost of carrying the investment can be calculated 
on the basis of the rate of growth, yields at various ages, results from 
intermittent thinnings, and final cutting, as discussed under the 
corresponding headings above, the value of the land, the initial cost 
of establishing plantation, and annual expenses, including taxes and 
protection, calculated at compound interest. 


APPENDIX. 
VOLUME TABLES. 


Volume tables are usually based on diameter at breastheight and 
either the total length of the trees or contents of the tree in number 
of logs of standard length. The contents are most conveniently ex- 
pressed in cubic feet and board feet of saw timber. It will be noted 
especially that the contents of the trees scaled by the Doyle rule is 
very much less than by the Scribner rule. The latter represents 
much more correctly the actual contents of saw timber in pine 
stands up to the size of about 24 inches breastheight. 

Both volume and taper tables for the Piedmont region are based 
upon measurements of well-stocked, even-aged second-growth or 
“ old-field” stands in North Carolina taken in 1909, 1910, and 1911. 
The tables will be found applicable to practically all second-growth 
shortleaf pine throughout the Piedmont region and lower extension 
of the Appalachian Plateau. Volume and taper tables for shortleaf 
pine in Arkansas are based upon the measurements of over 3,000 
trees and show the form and average contents of trees of specified 
diameters in board feet scaled by both the Scribner and the Doyle 
rules. These tables, although based mostly on measurements taken 
on the Arkansas National Forest, have been supplemented and found 
by actual checking to apply in other parts of Arkansas and generally 
over the southern Mississippi Valley. 


TABLE 28.—Volume in board feet and cubic feet of shortleaf pine of different 
diameters and heights growing in well-stocked stands in the Piedmont region, 


North Carolina. 


[Based on taper curves scaled in 16-foot logs, with an additional 8-foot top log in some cases; stump 
height, 1 foot; diameter inside bark of top, 6 to 8 inches.] 


Total height of tree. 


Diame- 
ter 40 feet. 50 feet. 60 feet. 
breast- 
high 
Seribner | Doyle | Cubic | Scribner} Doyle | Cubic | Scribner| Doyle | Cubic 
Tule. tule. | volume. rule. Tule. jvolume.| rule. Tule. | volume. 
Inches Bd.fi. | Bd.ft Cu. ft. Ba. fi. | Ba ft. | Cu. ft.|: Ba-ft. | Balj \) Cave 
6 1 1 152 a 2 EY, 9 3 Dae, 
7 4 2 3.4 12 4 4.4 20 5 TH 3: 
8 10 5 5.8 20 a 7.3 30 9 8.7 
) 18 7 8.2 30 10 10.4 43 14 12.2 
10 30 11 10.7 43 16 eS 57 21 15.9 
11 43 alts ja) ee ee 58 25 16.9 73 33 19.8 
12 56 26 ade cameos 73 35 20.0 90 47 24.0 
1G dl (apc tee | Phas cat eM | anes ope A 89 46 24.0 110 63 28.0 
AG. eck Seo cso oe) See See ee 106 57 28.0 130 82 33.0 
gS ith ela e lel Wye ee ees Ske OR NR | Na I ha ol Leg yah Pe 150 101 38. 0 
NG feb Sc Ad Site ed ce enn espe Spe cred i ees ls a canon 169 122 43.0 
OF ces Sire Se Se I teh ce | ee ce en ee 195 143 48.0 
PB os a oS | Sos oe eae oer meen edocs | ee eae 220 164 53.0 
PO discs See NS Ge tet an BS Sepa eS cae ee ae a fhe ae Se | 
| in (er eRe ee (ee ete | ene yar) Mo ah cee tee A et ee ree ee eet le aye oo Se 
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- TasLte 28.—Volume in board feet and cubic feet of shortleaf pine of different 
diameters and heights growing in well-stocked stands in the Piedmont region, 
North Carolina—Continued. 


Total height of tree. 


ter 70 feet. 80 feet. 90 feet. Basis. 


Scribner | Doyle] Cubic | Scribner | Doyle} Cubic | Scribner | Doyle} Cubic 
Tule. rule. |volume.| rule. rule. | volume. Tule. rule. | volume. 


Inches. Bet ae Boe Bd.ft. |Bd.ft.| Cu.ft. | Bd.ft. |Bd.ft.| Cu.ft. | Trees. 
6 7 : 


PHS erste hotel aeeiate vara | Sherine re le Far ell abayaiave fe cneta ol] apetenateres| teat tebe eesees 11 

7 28 il RO | ernest sl peta tesa rcemnmia tc atl ercvorevoretore eral aepepeiaie al eevee acre 15 
8 43 12 SL EMU Gead | epeperere Seat sil oretcinin/o'e'  eesyareye wie oval] vere vcrensvenata l eteereyare Nene 3 re 28 
9 57 18 MS Sim ewer ype s| ete at Ds Disa re ssineiegl eee eee eee 36 
10 72 27 17.8 87 30 BOSO% | SRR Ss sie SSE a eed 38 
11 90 41 22.0 108 49 ASA (its |. 20 | Seapets |e sao ka aan 51 
12 111 58 27.0 134 72 30.0 159 85 35.0 57 
13 134 78 32.0 161 97 36.0 192 119 42.0 46 
14 158 102 38.0 192 127 43.0 228 157 49.0 35 
15 186 128 44.0 225 160 50.0 267 197 56. 0 24 
16 214 156 50. 0 262 196 57.0 310 241 64.0 15 
17 243 185 56. 0 295 234 64. 0 350 285 72.0 6 
18 275 217 62.0 334 273 72.0 394 332 81.0 4 
19 315 249 70.0 375 313 81.0 438 380 91.0 3 
20 348 282 oO) 413 354 90.0 482 428 101.0 2 
TTS Ganda | eetrarsegs totene |e ectee |eininies wicmlleraeicee cs Sehow rn. < Pec SMe ort. ee a See te 371 


TABLE 29.—Volume in board feet of shortleaf pine of different diameters and 
heights in Arkansas, scaled by the Scribner and Doyle log rules. 


[Based on taper curves; scaled mostly in 16.3-foot logs, with a few shorter logs where necessary; height of 
stump, 1 foot.] 


Total height of tree. 
Diameter 40 feet. 50 feet. 60 feet. 70 feet. 80 feet. WEepIS 
breast- Dark Basis. 
high. of top 
Scrib- Doyle Scrib- Doyle Scrib- Doyle Serib- Doyle Serib- Doyle 
ner ner Ne eerie 10) oh) fess ner nits 
Tule. Tule. rule *) rule Tule 


Inches. | Bd. ft. |Bd. ft.| Bd. ft. |Bd. ft.| Bd. ft. |Bd. ft.| Bd. ft. |Bd. ft.| Bd. ft. | Bd. ft.| Inches. | Trees. 
; 8 30 7 30 9 40 12 50 15 60 20 


6 3 
9 40| 16 40 | 20 50 | 24 60 | 28 70| 33 6 8 
10 50 | 25 60| 31 70| 36 go | 42 90 49 6 17 
11 60 | 35 70| 41 80 | 48 100] 56 110| 66 6 49 
12 70| 45 90| 53 100] 61 120] 71 140] 83 Tal O6 
13 so | 54 100| 64 120| 74 140] 86 170| 100 7| 180 
14 100| 67 120| 78 150| 95 170| 110] 200] 130 7| 367 
15} 110| 80| 140] 98 170| 120/ 200] 140] 230| 160 8 | 389 
16 120] 97 160| 120] 200] 140] 230] 170 270} 200 g| 401 
17 140] 120 190| 150| 230] 170 260} 210| 310] 240 8| 345 
18 160| 140]. 220] 170 260} 210| 300] 250| 350] 290 g| 342 
19 180| 160] 250] 200] 290] 240] 340] 290 400 | 340 9| 266 
20| 200] 199] 280] 230] 330] 280] 380] 330 450 | 390 9| 207 
Tt) ae la | Sanaa 310| 260] 370] 320 430| 380] 500] 450 9| 164 
52} ae an | SARE 350| 300] 410] 360| 480] 430] 550) 510 10} 120 
Dang trea, 380 | 330] 450] 400| 530] 480] 610] 570 10} 85 
Oo || Be al] SOO ae 490| 440] 580] 530 680 | 630 10 |. 63 
5, |, oes al alee ie ana 530 | 480| 640] 590 740 | 700 10}. 34 
55) || 2 cece ja oul Me ae 580 | 530 700| 650] 810] 770 11 21 
Br th wes cell ce 3 accel Sacco ee a aie ae 750| 710] 880] 840 11 25 
BE | - so GeO ae a eee tel eee anand rane 810| 770} 960] 910 11 9 
pamierte tiie ah cowl ale ele 870 | 840] 1,030] 990 11 9 
ume Me a eat els Tal css. Saleen co: 1,110 | 1,080 12 2 
ZL. | pases ed ccc ae eae Feel a fe ep ( 1,180 | 1,160 12 1 
ate Mes eee ee a eles esc uclsco cee 1,260 | 1,240 12 2 
FB son sock seg PoCtoeti We Reo] cee gate Fane Bt ere 1 (ean (anc 12 1 
Eup locne eset Siete] sonst a tle MME Fs a VU gs [ert ea Lah 15ul teen 
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TABLE 29.—Volume in board feet of shortleaf pine of different diameters and 
heights in Arkansas, scaled by the Scribner and Doyle log rules—Continued. 


Diameter 


breast- 


high. 


21 


BSRNS RLS 


ww 
oO 


ROBE 


Total height of tree. 
Diameter 
90 feet. 100 feet. 110 feet. 120 feet. inside 
ee bark 
Scribner | Doyle | Scribner | Doyle | Scribner | Doyle | Scribner| Doyle | of top 
Tule. Tule. Tule. Tule. Tule. Tule. Tule. Tule. 

Bd. ft. | Bd ft Bd. ft. | Bd.ft.| Bd. ft. | Bd.jft.| Bd. ft. | Bd.ft.| Inches. 
siete cee close Sele te] coats enema. one rs] seeereset eles ete eel toe ese ae eee 6 
sheer tcc a= le steal ocdesteecceleatete celesmeeh oc senbe cab eeee soem oleae 6 

110 55 120 GOT ee ce eee kc: Soot eee eee ee 6 
130 75 150 SS) Poe seo Soe HE ee eee ee 6 
160 99 180 120 200 130 230 150 7) 
190 120 220 150 240 170 270 190 7 
230 160 260 180 290 210 320 240 7 
270 190 300 220 340 260 370 290 8 
310 230 350 270 390 310 430 350 8 
360 280 400 320 450 370 510 420 8 
400 330 460 380 520 440 580 490 8 
460 390 520 450 590 510 660 570 9 
510 450 590 510 660 580 740 650 9 
570 510 660 580 740 660 830 750 9 
640 580 730 660 830 750 930 840 10 
710 650 810 750 920 850 1,040 950 10 
780 730 900 830 1,020 950 | 1,150 | 1,070 10 
860 810 990 930 1,130 | 1,060 1,280} 1,190 10 
940 890 1,090! 1,030 1,250! 1,170 1,420] 1,320 11 
1,030 980 1,190 | 1,130 1,380 | 1,290 1,580 | 1,460 ll 
1,120} 1,070 1,310 | 1,240 1,510] 1,420 1,740 | 1,620 11 
1,210 | 1,170 1,420 | 1,360 1,660 | 1,560 1,910 | 1,780 11 
1,310 | 1,280 1,540 | 1,480 1,800} 1,710 2,100 | 1,950 12 
1,420; 1,380 1,660} 1,610 1,960 | 1,860 2,290 | 2,120 12 
1,530 | 1, 490 1,780 | 1,750 2,120 | 2,010 2,490 | 2,300 12 
1,640; 1,610 1,920 | 1,880 2,290 | 2,180 2,710 | 2,480 12 
1,740 | 1,730 2,050 | 2,020 2,460 | 2,340 2,920 | 2,660 13 
Sees seeate | cad cecs eccescceseltosececs eee ses cecel baecee ee ele soe nee Sener ee eee 3, 206 
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TaBLE 30.—Volume in board feet of shortleaf pine of different diameters and — 
merchantable lengths in 16-foot logs in Arkansas, scaled by Scribner log rule. ; 


[Based on taper curves; scaled mostly in 16.3-foot logs, with a few shorter logs where necessary; height _ 


Diame- 
ter 
breast- 
high. 


to 
lor) 


of stump, 1 foot.] 


Number of 16-foot logs. Diame- 
ter inside 

bark 

13 2 24 3 33 | = | 44 5 | 53 6 of top. 
Ba ft.| Bd -ft.| Bd.ft.| Bd-ft.| Bd.ft.| Bd.ft. | Bd.ft. | Bd.ft. | Bd.ft. | Bd.ft. | Inches. 
30 42 04 68 B2 eee ese Lee eee ee eee 6 
38 50 63 77 Eh See Pees Bere oe) Mecho) person 6 
t4 59 74 90 110 120 W320. 8 Bele ts aE ee 6 
53 69 87 | 110 130 150 Est ec Se See eee 6 
60 79 | 100} 130 150 170 P/U Ue Moise |e Ree Be 7 
73 96} 120] 150 180 210 DAO Neiiset ee. oben oe eeeaseee 7 
80} 110} 140] 170 200 240 270 STONE SaaS ee see 7 
eae: 130 | 160] 190 230 270 310 SOOM. 2 See [se eee 8 
See 140 | 180} 220 270 310 350 400) |- 332% =]2 See 8 
pS ees 160 | 210] 250 300 350 400 450 DOO |osseeehs 8 
pee. 180 | 230] 280 340 390 450 510 “7 (0) eras Se 8 
SE eee Pease 260 | 320 380 440 500 570 C400SIs See 9 
3S Se ees 290 | 360 420 490 560 640 €20)|- 222 9 
54s Beese 320} 390 470 540 620 710 800. |. 22-225 9 
Bi Une ee 350 | 430 510 600 690 7 890 990 10 
i RII (Pesca) eee 470 560 660 760 870 980 | 1,100 10 
ee ea eee 520 620 720 830 950! 1,080 | 1,220 10 
Bese es aoe eee 560 670 790 910 | 1,040] 1,190] 1,340 10 
SSA Goes 2 Somene 610 720 850 990 |} 1,140} 1,300] 1,470 11 
pee oe Es 2 RL ee 920 | 1,070} 1,240] 1,420} 1,610 11 
3 SEL |. Mae | Fee a Oeae 990 | 1,150} 1,340] 1,540] 1,760 11 
[aa |. 24 2 UE ” A RGg et 060.) . £250" | 4,460, |e Ay 6x01 1 90 11 
ee fon) es 940} 1,130] 1,340] 1,57 1,820 | 2,070 12 
ee Eee ies a ee ee: 1,210 | 1,450] 1,690] 1,950] 2,250 12 
Seen eee: [er ent ee ee | ee 1,290 | 1,540] 1,810] 2,100] 2,420 12 
5 See Pa ee el oe ee (ee 1,360 | 1,640} 1,940! 2,270] 2,610 12 
See pees Gees peers! perme 1,450 | 1,750| 2,080] 2,430] 2,800 13 


Basis. 
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TABLE 31.—Volume in board feet of shortleaf pine of different diameters and 
merchantable lengths in 16-foot logs in Arkansas, based on Doyle rule. 


[Based on taper curves; scaled mostly in 16.3-foot logs, with a few shorter logs where necessary: height of 
stump, 1 foot.] 


Number of 16-foot logs. iam- 
Diame- s Diem 
ter ° . . 
breast- tusiele Basis. 
high 13 2 23 3 34 4 44 5 54 6 ‘ fae 


Inches. |\Bd.ft.\Bd.ft.\Bd.ft.|\Bd.ft.\Bd.ft.| Bd.ft. | Bd.ft. | Bd.ft. | Bd.ft. | Bd.ft. | Inches.| Trees. 
8 9 13 17 22 27 6 


ees Oem ton nda 22) |g fie |esacan- joceceacc|ococeesc|eee weeec[eccscce s 3 
esas 15 21 26 32 Stay (SSE Ao) Senet | Ser cere Ieee Ayal eae a oe 6 8 
OR 21 29 36 44 53 CR Neel eae SE se lB oe sce a el 6 17 
bees Spake 29 37 47 57 71 SO [eRe ace aah cal Gop kal ae oc 6 49 
De 36 47 60 74 89 110 TQ [Beers Ses aS ae ee eee 7 96 
Reese 44 59 76 93 | 110 140 HOO ile Sis) oe bene poe siete 7 180 
11 see 53 72 93 | 120] 140 170 200 230R| Sau emer eaters 7 367 
peace aooeS 86} 110} 140] 170 200 240 7 (0) Sets tic Bel | 5c Gees 8 389 
IGS See sEleseeoe 110 | 140] 170} 200 240 280 320 Bio lapooeecde 8 401 
Ua sss eee 130 | 160] 200| 240 280 330 380 430n eens 8 345 
IO asec lbceaee 150 | 190 | 230] 280 330 380 440 4900 Eases 8 342 
Qe Sarre e| else Sa% 220 | 270 | 320 380 440 500 BVO} Ee Ssoade 9 266 
7) a4 5ecel BESS sEl QoeeHe 240 | 300]| 360 430 500 570 C405 Sees 9 207 
Zils ee Salle een loberre 270 .| 340 | 410 480 560 640 ZEW ecandeas 9 164 
73s KAGeel [SARS SS |SOCCEE 300 | 380} 460 540 630 720 820 920 10 120 
73 SUR CE pees cere eine 430 | 510 600 700 800 910 | 1,020 10 85 
ORR od SOO ses DEB eee 470 | 560 670 780 890 | 1,010} 1,130 10 63 
Tie a5 | GOES loocaee |b Seats eaneS 620 740 860 980 | 1,120] 1,260 10 34 
DE ese ea cece accra carla ea 680 800 940 | 1,080] 1,230] 1,380 11 21 
Wo ade ss SABO oES Gh 52> Sass oes 740 880 | 1,020] 1,180 | 1,350] 1,530 11 20 
Welaseu Sol lSuqsae Becase so aaes Soesae 809 950! 1,100] 1,280' 1,470} 1,680 11 9 
Ty ese Heaps a So ena (ae oe (eae 870 | 1,020] 1,190] 1,380] 1,600] 1,830 11 
5866 ca Goaees sacene Ganass ecaeas 930 | 1,100) 1,290] 1,500} 1,740} 2,000 12 2 
OY ss od eee ce yen eae [oe Re 1,180 | 1,390] 1,620] 1,880] 2,170 12 1 
2d RS SE ea ba eee egal A eae 1,260] 1,490] 1,740] 2,020] 2,340 12 2 
3 Bist al as SB Sexe beer Head ag ae 1,350] 1,590] 1,870] 2,190] 2,530 12 1 
PULSE El eyegeee | bares (anata <  eearies eee aeh 1,430 | 1,690] 2,000] 2,340] 2,730 ea ies ee Ge 
RObAaes eee mec apace ce a isaatcae lento Ss aicicl[io Selcciclec|inccclsiccclb asec ce. |penncecafeeenecec 3, 206 


FORM TABLES. 


_ The form or taper of shortleaf trees of different diameters and 
heights is shown in Tables 32 and 33. The points selected are at 
breastheight (4.5 feet), and successive intervals above the stump of 
8 feet plus 0.15 foot, or 3.6 inches for a 16-foot length, allowed for 
trimming the log. Table 34, giving the butt taper at various heights 
up to breastheight for trees of different diameters, will be found 
useful in correlating stump measurements with the standard tables 
based upon breastheight diameters. The same is true of the double 
width of the bark at breastheight for trees of different diameters 
and heights shown in Table 35. 
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TABLE 32.—Diameters inside bark at successive 8-foot intervals* of shortleaf 
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(Stump height, 1 foot.] 
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1 Three-tenths foot allowed for trimming on each 16-foot length, or 0.15 foot for each 8-foot length. 
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TABLE 32.—Diameters inside bark at successive 8-foot intervals of shortleaf 
pine of different diameters and heights, growing in well-stocked stands in the 
Piedmont region, North Carolina—Continued. 


80-FOOT 


TREES. 


Height above ground. 


Diameter 
breast- 
high. | 4.5 | 9.15 | 17.30] 25. 45/33. 60) 41. 75| 49.90] 58.05|66.20| 74.35] po: 
feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. BS 

Inches. | In. | In. | In. | In. ibs \WIN De |) kee In. | In. In. Trees. 
10 9.1 8.8 | 8.3 7.8 ed 6a 5.8 4.7 Selle eee 2 
11 | 10.1 9.7 9.1 8.6 8.1 7.4 6.5 5a PE ae |e ca | Mee eae 
12 | 11.0] 10.6 | 10.0 9.5 8.9 8.2 Wad 5.8 Oy Oh eer 9 
13 |} 11.9) 11.5] 10.8 | 10.2 9.7 8.9 7.9 6.5 Ca G7) St le cl 
14 | 12.9 | 12.3 | 11.6 | 11.0] 10.4 9.7 8.6 Coal! ARQ MO ahaa 24 
HE MS aSn elses doe 4a dal SS) | 1d 3) | 04 9.2 Ceti HOt cee tee ls steer 
UGE alas W435 35 L256 | 12503) 21.1 9.9 8.3 5.8) || te aSke 14 
a 56a 15e0 1 T4t 3so4 |) 127 21-8 21056 8.9 (GY Yon (ees Seca ar ee 
US| 6552 edi. 9) 15.0) 1422 ) 13.5) 125 | 10.3 9.5 GESe Ee ee 2 
NOE eheAs Ge Selo Sloe | 4e2 503.3 21250. Lost FRA We Soe tenes Sale 
QO LS esn| lied 4) LO. fal Lou8 | T5505) 4505) 1257 |; 10: 7 CAA yea pea eee 1 

LNOVEEW | esl SASS colleges Sees NES | (ES ree [Peet ee era Png ea) es al Desens Mien ee 52 

90-FOOT TREES 

12 | 11.0 | 10.8 | 10.3 9.8 9.3 8.7 8.0 Uo? 6.1 45 2 
VSR QS Onis | let 1056) | 10r1 9.6 8.8 7.8 6.6 AO ty Meresrieny sre 
14 | 12.9 | 12.6 | 11.9 | 11.4 | 10.9 | 10.3 9.5 8.5 Wont D2 2 
PASSO E132 4 2. 83) 1252) 1 7) 11.0) 1052 9.1 7.6 Eta) S| eee a 
16 | 14.9 | 14.3 | 13.6 | 13.0 | 12.4 | 11.8] 11.0 9.7 8.1 5.8 2 
Nal baie ela? lash Seon Ze Sea sb Sle 7s) 1Oh4 8.6 Ga2ieee see 
18 | 16.7 | 16.0} 15.3 | 14.6 | 14.0 | 13.3 | 12.4 | 11.0 9.1 6.5 5 
LO LAG. | 70) |) 16.15) 1505") 14585) 1400 | 138.1) 11. 7 9.7 (op 69)04 [eee ae 
20 | 18.5 | 17.9 |. 17.0 | 16.3 | 15.6 | 14.7 | 13.7 | 12.3 | 10.2 Wer 3 

RO Gal lepee | eee | eae Ne cae ae en) Areca ag ole Sp [pan wh a [Ue aa 14 


TABLE 33.—Diameters inside bark at successive 8-foot intervals’ of shortleaf 


pine of different diameters and heights, 


Arkansas. 


Diameter 
breast- 
high. 


Inches. 


9.15 feet. 


Inches. 


Pe CORO FS 100 ST. S2 S91 St 
CHWRAROWQOOHRH 


Ft et ee 


17.3 feet. | 25.45 feet.) 33.6 feet. | 41.75 feet. 


Inches. 
4.6 


Be ge COCO RI CDSN 
SNHWARWOH WE 


ea 


[Stump height, 1 foot.] 


40-FOOT TREES. 


Inches. 
4.1 


aga SoS RIES EN ICD EES 
PTO WOOO ROO 


a 


Height above ground. 


Inches. 
0 


Inches. 


49.9 feet. 


Inches. 


58.05 feet.|66.2 feet. 


growing im average stands -in 


Basis. 


Inches. \ Inches. 


1 Three-tenths foot allowed for trimming on each 16-foot length, or 0.15 foot for each 8-foot length. 
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TABLE 35.—Diameters inside bark at successive 8-foot intervals of shortleaf 
pine of different diameters and heights, growing in average stands in 
Arkansas—Continued. 


50-FOOT TREES. 


Height ab F 
Piste ght above ground 
breast- = Basis. 
high. | 9 15 feet. | 17.3 feet. | 25.45 feet.) 33.6 feet. | 41.75 feet.| 49.9 feet. | 58.05 feet.|66.2feet. 
Inches. Inches. | Inches. Inches. Inches. Inches. Inches. Inches. | Inches.| Trees. 
6 3: 5.0 4.5 Shi 77 is) ane ees) Nes ae eS och Pe Sys 3 
Ff 6-2 5.8 see 4.3 DAGr 42a a8 Ss. = eee eee 2 
8 7.0 6.5 5.9 4.9 BIO Sons ce cook eee eee 
9 8.0 7.4 6.7 5.5 Sore eee ae ead eee el ee if 
10 8.8 8.2 7.4 6.1 SO hae ee oe ae ee ee ee 1 
11 9.7 9.0 8.1 6.8 cA See: cate ae esa ba meenes cc ae A oe UR 8 
12 10.6 9.8 &.9 7.4 ce aie Reta se aes aR ert stent Uy a J 10 
13 iH bea) 10.7 9.6 8.1 Li9p lsemn ( aaa ee ral Mg BE eet os | 12 
14 12.4 a es 10.3 8.6 LS fr pts am ed ba SE ah fe patie 14 
15 13.3 12.3 x i Bee | 9.3 GO cet ae ee See eee ae 13 
16 14.1 13.0 11.8 9.9 BSD eee ee ae eee 4 
17 15.0 13.9 12.5 10.6 620d 2h ee Ue ae | ee 1 
18 15.8 14.7 IB}: 11.2 i fig: Saale |p Slynl ee E) |oe Bo he, | ee 1 
19 16.7 15.5 14.0 11.9 1.9> Vosebo 3nd een pee ee eee 
20 17.5 16.3 14.7 PES O55 oot ear ae ee ee ee eee 
RO tale | Pas ee | Sa ae ee Oe cee eine [ae cin etene | eee eee | eerie eee | ee | eee 70 
60-FOOT TREES. 
6 Dit Seal 4.7 4.3 257i 2 A ene ee ee 
7 6.4 5.9 5.5 5.0 4.3 23 eee ee ea ee ee 
8 7633 6.7 6.3 THe 4.8 Ba ie a, ens fre wee 
9 8.1 Thad) 7.0 6.4 See, SoG hae sees he ace ee 
10 8.9 8.3 7.6 es 6.1 BQ 24h a ee eee 
11 9.9 9.1 8.4 Zh 7f ‘ths 7f 7 aah ages [eae eae tN Pade on 
12 10.7 9.9 9.1 8.4 i: 4.3 SoS eee 
13 11.6 10.7 9.9 9.1 7.9 + als (OE epee oe Bl fe el Sel 
14 12.3 11.5 10.6 9.8 8.5 Tad fic Wet etek alate es i 
15 TBE 12.3 11.4 10.5 9.0 (is Ramee Vali Sepa a) fee fiewe fSs 
16 14.0 13.1 det in leat 9.6 G55 es Fae eee 
17 14.8 13.9 12.9 11.9 10.2 6:9) Mee eee 
18 15.6 14.7 sy 12.5 10.7 7 (SP eee ss (oe eee 
19 16.5 15.5 14.5 13.2 11.4 yf Pry (es (eee cote Fee 
20 17.2 16.3 14 13.9 11.9 S20 ee ee eee 
21 18.1 17.1 16.0 14.7 12.6 8:5) ee 2 ee 
ae 18.8 17.9 16.7 15.3 AS 4: 8.90. eee IS eee 
7A! 19.7 18.7 17.6 16.1 Beary 9:3. -)|.osteost ee ee lee 
24 20. 4 19.4 18.2 16.7 14.2 927. | 2580 SS eee 
Totalass| sas tes Sas ose do Se |b ee S| wc ch oc eee eee cel secce ere. | aoe eee 
| 
70-FOOT TREES. 
8 feo 6.8 6.4 6.0 Dat 4.8 3 54-e| = nee 
9 8.2 led TAP 6.7 6.2 F433 Ate ed eee sees 2 
10 9.0 8.4 7.9 Th3: 6.8 5.8 4:09 le Sse 4 
11 9.9 9.3 8.7 8.1 7.4 6.3 AAS nee 19 
12 10.7 10.1 9.5 8.8 8.1 6.7 ry feet [exmek SB  S 36 
13 11.6 10.9 10.2 9.6 8.7 io 5. de eee 62 
14 1225 i bt (S7/ 11.0 10.3 9.3 hod. By do oe 167 
15 13.3 12.5 Iii Laer/ 11.0 10.0 8.3 5284 iL eee 183 
16 14.1 13.3 12.5 TST 10.6 8.7 620) eee sss 199 
17 15.0 14.1 iBy}3? eat Tn: 9.3 635) ae 145 
18 iF eve 14.9 14.0 AS 11.9 9.8 He ea (eee Jee 112 
19 16.6 BH 14.8 13.9 12.6 10.3 tod ieee 78 
20 17.3 16.5 15.6 14.6 13.2 10.7 te: eg eee 37 
21 18.1 15a: 16. 4 15. 4 13.9 11.3 Y Cia fees ee 17 
22 18.9 18.1 ivial 16.1 14.5 11.8 8:0 asc sees 5 
23 19.7 18.8 17.9 16.8 15.2 12.3 S550 Sea 4 
24 20. 4 19.6 18.6 17.5 15.8 12.8 bs ae (aoe [eee re 2 
25 21.2 20.3 19.4 18.3 16.5 13.4 00. let et eee 
26 21.9 Dhak 20.1 18.9 i bff 13.8 9.3 -iliesc es el ee 
27 22.8 21.9 20.9 19.7 17.8 14.4 Oo7 42 ses See 
28 23.5 22.6 21.6 20.3 18.3 14.8 9:9. er saa eee 
Total 1,072 


SHORTLEAF PINE: IMPORTANCE AND MANAGEMENT. 63 


TABLE 33.—Diameters inside bark at successive 8-foot intervals of shortleaf 
pine of different diameters and heights, growing in average stands in 
Arkansas—Continued. 

80-FOOT TREES. 


Height above ground. 
Diameter 


breast- ha See eae Basis. 
high. | 9 15 feet. | 17.3 feet. |25.45 feet.) 33.6 feet. | 41.75 feet.| 49.9 feet. | 58.05 feet.|66.2 feet. 


Inches. Inches. Inches. Inches. Inches. Inches. Inehes. Inches. | Inches.| Trees. 


8 7.3 eu 6.7 6.2 5.7 5.2 4.5 SES | SRS 
9 8.3 7.9 1B) 7.0 6.4 5.8 5.0 3.7 1 
10 9.1 8.6 8.2 7.7 el 6.4 5a 4.0 5 
il 10.0 9.5 9.0 8.5 7.8 7.0 6.0 4.3 7 
12 10.7 10.3 9.7 9.1 8.5 7.6 6.4 4.6 10 
13 11.7 11.1 10.6 9.9 9.2 8.2 6.9 5.0 20 
14 12.5 11.9 11.4 10.7 9.9 8.9 7.4 5.3 46 
15 13.4 12.8 12.2 15659 10.6 9.4 7.9 pe 68 
16 14.2 13.5 12.9 12.2 11.3 10.1 8.4 6.0 97 
17 15.1 14.3 ISS 7/ 13.0 12.0 10.7 8.9 6.4 125 
18 15.9 15.1 14.4 IBS 7 12.7 11.3 9.4 6.6 127 
19 16.7 15.9 15.2 14.5 13. 4 11.9 10.0 You 104 
20 17.5 16.7 16.0 15.2 14.1 IPA) 10. 4 7.4 82 
21 18.4 17.5 16.8 15.9 14.8 13.1 10.9 7.9 55 
22 19.1 18.3 Ie) 16.7 15.5 132% 11.5 8.2 35 
23 19.9 ; 19. 1 18.3 17.4 16.2 14.4 12.0 8.5 12 
24 20.7 19.9 19.1 18.2 16.9 15.0 12.5 8.9 9 
25 21.5 20.6 19.8 18.9 17.6 15.7 13.0 9.3 6 
26 22.2 21.4 20.6 19.6 18.2 16.2 13.5 9.7 2 

27 23.0 22.2 21.4 20.3 18.9 16.9 14.0 WOME hese 

28 23.9 23.0 22.2 21.1 19.5 17.5 14.6 LOs4y ees 
POUT, 2 oS Sa GES oslo Sea SRS [CRE ENE es i agi | A at oe) ara Ue eo 811 

90-FOOT TREES. 
Height above ground. 
Diam- 


breast- | 9.15 | 17.3 | 25.45 | 33.6 | 41.75 | 49.9 | 58.05 | 66.2 | 74.35 | 82.5 | 90.65} 98.8 | 106.95 | Bo ig, 


high. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. 

Inches.| In. In. In In. In. In. In. In. In. In. In In. In Trees 
HOG ON2s | Ge Sy ole Sata MONO eaeion lee deO| H Osc lamps Obsroeoule be Quiet cs 2e  Seee 2 oa 
SLE LOSS et OS alee ood aS: Salts Sao) it ded | 2 Osede il De> oe 450 | SQ seeks See see Ske 
ZaPLOVSs | eLOS4 | SLOPOR Ey Ox Dal = SaOue Seo. |e deou|  DeO4 2 eS) 22s Stee Se ee 1 
Hop elere lew ORS el OLS Ol OO SHO) (Ged oe le Qi4 et Sen) a Eee ss 2 
MALE a LZ ele Gel sOMO: 40.298 Gr Sx6i | ZeO is Deak glia Dia7 Se ee Se ek 4 
MSR eNO El Daas le Seale te OkS se O24) 755 5 Fee shS 200 ls. ela alee a fe) 
GH lA? aloe Sulaics onal 2nO ul cll l O39) |) 958))) GSO.) b.8 4 e Sub |e. sacs ee fe 19 
fale yoke AS Gall 4e Oel else |S 206) | S06 3 LON4 ie 826810 63251" 3:3 lee Re le 2). 21 
Sal OMOEA Stas to SUSy los || Ol: Oak Is 607 | Bibs eco. Feces Re L 51 
HOMAG TS Guonl moss AsO 14d lS EO eth 7 | e-On7 1. Ole Sar aco eee IS See 48 
ZOU Miesoyllvelaml Ona She al et478 (1887 e123 OU | |k 7o4 |e B49) 2.4.12 ok Sak te 56 
Ale onan ele On leo i elovot| LasOn ans tel 2IOe OST 19 7285/2 450 |e 284) bee eee: 54 
Dom LOSE elSnop PlSsOn| pleas el Gao |e Loe | deh P12 Ne Be2i kh 4x3 Seo ae es th ee ee 41 
Zon eZ0s br ONDE LSA el SaO) okt. Ol Loss| V4 TI Sos Bubs) 455) e820 eee |e 28 
DAME ZOROE 20 S20 OGe5e (1888) (1758 ehG.5 | M4eeSi QS O2QN is 4a Ve ee TiS bap es 19 
Dal eel eatON 20 ssh SlOs on LSe Ou eh fo2(elos5) LZ 1 ORF: |) AsO ia ce the a eee 11) 
Zon Po2a on ose P2059) e20e20 el OeS: eke tGsk WI3s5) 14 929 |S Sad |S 4S sD oe a a 3 
AaNe2ontele22Ge abe ge |2lnO} (22080) |) L856. |) 1629) | T4ed OL 4 > 653) |S 525. he eS Ee 4 
DSelecsa Mente Sh ImD eH meteug (20st Lovo clveo MLAS (OSS 1 Fab) | ee eee 1 
DOM Zo melita On e2onse 22 onl alkane) 20; LETS Sa V5. 40 ae Sil B72 ee a ee if 
SOM ee ROME 4s Onle4 OME oSaa. le 22 no) 42048: 950812160) | tlGrl 549) |oaoce tacos teleones caleeee cee 
ile ZONE eCOnMIEceaor eos OM| 2o59n | otOnlelOn 7 WlGecel TD 1 Gad. 2s eee ee Se ee 1 
DOME OMIECOWONIZ aon a4aOL|Econsi | 2a aq 2054 | 173 | 12. 5h) 6:3) |eocn alee ece epee eleceenee 
Som PZSTOn Sono |mcOrou onal 24s OMlueon oly oiled (eb 79-1 WSs Ol) Gabnl oe mele ee ae see 
Same Onno AON acoulal2o.s | 2a.0) | 21oO [AS a Tab Gag |e se es ie schon 

IEC cin | epee | Peeters nancerney | ah |ate eL S M ee ei Se Ue ee Sak 375 
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TABLE 33.—Diameters inside bark at successive 8-foot intervals of shortleaf 
pine of different diameters and heights, growing in average stands in 


Arkansas—Continued. 
100-FOOT TREES. 


Height above ground. 
Diam- 
eter 
breast- 9.15 | 17.3 | 25.45) 33.6 | 41.75} 49.9 | 58.05 | 66.2 | 74.35] 82.5 | 90.65] 98.8 | 106.95 Pasi 
high. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | 755: 
Inches.| In. | In. In. | In. In. | In. In. | In. |-In. | Ins |- in. | In-z In Trees 
HORI Oss 8.9 8.6 8.3 7.9 7.4 6.7 620 eal 357/ 2:0 |sceces|ssoeece tease 
11 | 10.1 9.8 9.4 9.0 8.7 8.1 7.4 6.5 a0 4.1 2:2) | 22228: |sa eee 
12 tO 1 1056). 1052 9.9 9.4 8.8 8.1 Th 6.1 4.4 2:4 | iptet|s=5 een alee ee 
PS de Oe Sea tO) 1046) 10st 9.5 8.7 tek 6.6 4.8 2:5 |2ceeek lb ee eee 
TA Ue 1223) AVEO) DLA |) 1OF9 | 1052 9.3 8.3 (ou Daz 2:8 40-8228 Bae 
TGS |B 5a ea Be LS aie i eA fe hay a KOR) 9.9 8.8 (As Tne 29) 22 eal eee il 
1G 4s! 9) We 1SN5 | 13.0 | 12.4 | 11.6 | 10.6 9.5 8.0 5.9 352 [ate me] see 3 
Ue Wee baa We 14 Si Save See ol f258 aol tO ek 8.5 6.2 Ae ae ee eee es aes 2 
1S) 16.0015 56 te 15s th basa Se bs Our 2sOny 1057 9.0 6.6 3:0: sce cee | See 8 
19 | 16.9 | 16.3 | 15.9 | 15.3 | 14.6) 13.7 | 12.6 | 11.3 9.5 7.0 3:8 eee -28l2 22a 24 
201 Wee | pals NelO-i| LO poh Tos Sis| 24-35 Sssse) Pea O40 7.4 4.0. J--e.44|2-2a5a5 25 
21 AS51820 (te 5 628116. 0 4) 2554 "| 14eOr) 1255) alos ak AS Va AAS 2 ee 27 
22 | 19.4 | 18.8 | 18.2 | 17.6 | 16.8 | 15.8 | 14.7 | 13.1 | 11.0 8.2 405: 15 eee lo=ohe ee 33 
2 20221) 192 6" Ola esas ele Gal 46 Guildhall 13a0 Palko 8.5 4.7: |. epee Se 32 
DAN 2A A 2025 4929) $9227) 18 Sel Aes | Gate) 1453 [2a 9.0 5: Ola eee 20 
25 | 21.9) |) 2103 420: 7 i 20-0: | 19) te) 38-1 16295) 15.0 pela 9.4 ye pee ees (ee cot 10 
26 | 22.8 } 22.2 | 21.5 | 20.8 | 20.0! 18.9 | 17.6 | 15.6 | 13.2 9.8 SL eee ee el eee eee di 
2 Needed \e2oOrte22.on Liao i 20a HOG NEL Sssat lGs lla) 1022 538: coe ele see 9 
28 Nn24 1621 2349) | 2-1] 2250) | 21 De 20.4 1 9ebet t720) |el4e3 oO: 4 6.12 i els 4 
29 25250) 2487 1924.05) 2332) 222 3a 2ie de Ge eld Not4es: | ale a 6:3. eel eos 5 
3051262451) 2556. |. 24.87) 24.07) 2351 | 212971920: 5 | 18545) 4525 ES 6560255553 |e 1 
31} 27.4 | 26.4 | 25.6) 24.8 | 23.9 | 22.7 |(21.2) 19.1 |) 16.0} 1220 6:9 es 2a | Sete ee 
D2 28e5 | 21a Ne2os45 |p 251G il 24a |eeasDales2sON SS5O el Gagaltaee Cap Ae acer ae pea be ia 
Bey 7584 | ese r3 |) Pei al) Ae eh PGS | ZR ZA ihe AU BGS || Gebel Tear Yk od oe een PIE See4 sie ase 
SASO ele ZOS Ie oSs LalecdeanecGson le Zoe baleooao eats mca On ntcsstey tek ee eee eee 
Yo RoW |; [eee all (ii eas| (eee eened [A ae) (Ea eer gel Hee oe ee a eee Seecae Screed becouel Escoodlescksc 211 


110-FOOT TREES. } 


12 | -31029'3) 1097.) 1025 || 108 9.7 9.2 8.6 729 Todd 5.8 4.1 254 |) 2s 5 
Ae Sie ea) ele AOL O RI OSS 9.9 9.3 8.6 hed 6.3 4.5 VEY | Pee || 
1 Ba ee | es A Vi eg a Bi a 9.9 9.2 8.3 6.8 4.9 DON see os 1 
1 SEO Seal Ze S Tk A ae ON ea 1086 9.8 8.7 (E72 5.3 en | eee os 1 
1621) 14045151420), 13:65) AS52256] 1220) eS etOs5 9.4 lad. ead, SrA Tle mee 4 
172) 25 3 4S1458 | 14-4 | AS. Ons. 4 ADa7 tes 9) | sO 9.9 8.2 6.1 3°61) 3528 es 3 
138 T6056 15. 2 47 AD S25 De eS e086 8.7 6.5 3:9 ls See 10 
19 | 17.0) 16:5. ] 16.0 | 15:5) 1429 || 1452 | 1324 1253 | Diet 9.2 6.8 ye ee ee 4 
PANY eaters |) TBS PO GBs ie IGS (Os Pr od ee a || ae 7/ 9.7 1/574 4.53 i]s. ab 2 
DT AS 2745) US 2 a7 ek he de ee 4 he | AES ea | eal ee 7.6 ASG i ae 9 
22} 19.5 | 19.1 | 18.5 | 17.9 | 17.2 | 16.5 | 15.6 | 14.5 | 12.9 | 10.8 8.0 4:9 j\ ee 2s 5 
23 | 20.5 | 19.9 | 19.3 | 18.7 | 18.0 | 17.2 | 16.3 | 15.1 | 13.5 | 11.4 8.5 Sal fee ee 7 
24 | 21.3 | 20.8 | 20.2 | 19.6 | 18.9 | 18.1 | 17.1-} 15.8 | 14.2 | 11.9 8.9 Sua aS ye 11 
95 | 22.3 | 21.7 | 21.1 | 20:4 | 19.7 | 18:8 | 17.9:).16-5 | 14281) 42.4 9.3 Be el: seb 6 
961 2350 2205 20.9 1121233) 2085 M987 a ASG) whee els | st380 9.8 5i9s1 3. Sa 8 
DIN IAT) D354 DO. S224 2085 OA Tel 7O Wel G at i etS362| a1 Oe Gj2t |S: a3522 11 
ION DA Oi 24. 30) 93277 NEQ3 ON eos 2 ee eON HT SAG te Gis telat se ONG 6244 | 2. 42583 2 
9G) DA Gy 25-2] Da FDS) Suse e222 20495) 1953 ele eA eee 637:3)4- 383 3 
30) | 26:9 | 26:2 | 25.4 | 24.7 1-23) 9 1523203) 2107| 2031. | 48108) 21523) | abled (AUS ees eee 1 
31 | 27.91 27.0) | 26:3 1125.6 124 8102358 122441 62058 RIS A7 eld 387 1 1250 (a2) | see eee 
32 | 28.9 | 28.0 | 27.2 | 26.5 | 25.7 | 24.6 | 23.3 | 21.5 | 19.3 | 16.4 | 12.5 TE oe 1 
33 | 29.8 | 28.9 | 28.1 | 27.4 | 26.6 | 25.5 | 24.0 | 22.3 | 20.1 | 17.1 | 12.9 £38 6\s-22 1 
34 | 30.8 | 29.9 | 29.0 | 28.3 | 27.5 | 26.3 | 24.8 | 23.0 | 20.8 | 17.7 | 13.4 8.1 | Wer Alea oe 
Total Passa pe = Beco eeea lee aes | we ate: a 90 
120-FOOT TREES 
2 LA EOS 9) | 2055.1) 105-2 9.8 9.3 8.9 8.3 “es 6.4 | Fst ed Ppa ih Ne I 
193 | 12-08 PASO le san et O eae Ot: 9.6 9.1 8.3 7.1 5.6 4.2 2764) kh o8see 
TAD Set AOA OAD eee al A OsSuel Osa 9.7 9.1 7.8 6. 2 4.6 2:8 eee 
5a 1S: 75) 3335 | TSAO 2) 6 ete 8 | GS EE LOS 9.6 8.3 6.7 5.0 ie lig) ee ee 
Ga 4s 4 1-135 9 AB 42 On 24 ees: [ees | 1654 9.0 ae ano 2s el eae oe 
17 | 15.4 | 15.0 | 14.6 | 14.1 | 13.7 | 13.1 | 12.6 | 11.9 |} 11.0 9.6 7.9 5.9 ARO PEAS Soe > 
18 | 16.3 | 15.9 | 15.5 | 15.0 | 14.5 | 13.9 | 13.3 | 12.6 | 11.8 | 10.3 8.4 6.3 BS Silene 
19) 17-1 | 1607. | 16.3 | 15.3 | 15.3) 14-7 | 1420) 13245 1254 | 1059 9.0 6.9 4.1 1 
DN ASsO ee Lek 1657] Gla elds 5a aS pea SS 2a hlen7, 9.6 dae 4.5 2 
21 | 18.9 |} 18.3 | 1729) 17.4.1 16.91} 16:3 | 15.6 |) 1429 ) 13.8 [212227] 10-2 7.8 4.7 1 
59 NW 19.7 7 |-1923 18°99) sesh L7 ATS GSA | baal 220 Oe 8.3 5oL 1 
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TABLE 33.—Diameters inside bark at successive 8-foot intervals of shortleaf 
pine of different diameters and heights, growing in average stands in 
Arkansas—Continued. 

120-FOOT TREES—Continued. 


Height above ground. 


breast-| 9 15 | 17.3 | 25.45 | 33.6 | 41.75 | 49.9 | 58.05 | 66.2 | 74.35 | 82.5 | 90.65 | 98.8 | 106.95 


high. feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. Basis. 
Inches.| In In In In In. | In In In In In In In. In. | Trees. 
23 | 20.7 | 20.2 | 19.7} 19.1 | 18.5 | 17.8 | 17.2 | 16.3 |} 15.2 | 13.6 | 11.4 8.8 5.4 2 
24 | 21.5} 21.1 | 20.6] 19.9 | 19.3 |] 18.7 | 17.9 | 17.1 | 15.9 | 14 12.0 9.2 5.7 2 
25 | 22.5 | 22.0 | 21.5} 20.9 | 20.2} 19.4 | 18.7 | 17.8 | 16.7 | 15.0 | 12.6 9.7 Ge Tere 
D6ileese 42259 eeorl Gleave 2rd | -2053- (19.5) W826 W724 Loe 7 13s. 251) 10: 3 6.4 1 
DTN 2423 |e 2oesalozocoul o2e0 | 22.05) 20.1 | 20.3 1 1953 | 18. 2) 16.4 [13.851 10: 7 6.6 1 
DRaleo hese Odsal canoe 2a. Gr je22. OF 2202 1s 20s jiolS. Oval | vary) PS To 2 
29 | 26.3 | 25.8 | 25.2 | 24.6 | 23.8 | 22.8 | 21.9 | 20.8 | 19.5 | 17.8 | 15.1 | 11.7 TVA bee: Mae 
30 | 27.3 | 26.8.) 26.3 | 25.7 | 24.7 | 23.8 | 22.8 | 21.6 | 20.4 | 18.6 | 15.8 | 12.2 ea GH | ER: 
31 | 28.3 | 27.8 | 27.2 | 26.6 | 25.7 | 24.7 | 23.5 | 22.4 | 21.1 | 19.3 | 16.4 | 12.7 Theil ewes He 
32 | 29.3 | 28.8 | 28.3 | 27.7 | 26.7 | 25.7 | 24.5 | 23.3 | 22.1 | 20.1 | 17.0 | 13.2 8.1 1 
33 | 30.3 | 29.8 | 29.3 | 28.5 | 27.6 | 26.5 | 25.3 | 24.1 | 22.7 | 20.9 | 17.6 | 13.7 Be A ie eee 
34 | 31.4 | 30.9 | 30.4 | 29.7 | 28.6 | 27.6 | 26.3 | 25.0 | 23.7 | 21.5 | 18.2 | 14.2 feted fanal tins sans 
UTC tics 4 | eee | race | eH LAN aI chi ERNE ne ae tate jaf te ela REN Ge Se Pelee ey cg tee 14 


TABLE 34.—Butt taper of shortleaf pine of different diameters in Arkansas. 


Diameter Height above ground. 
DRCAS to at fue A CO he Cole ey 
high, Basis. 
outside 
are 1 foot. 2 feet. 3 feet. 4.5 feet. 


Inches. Inches.1 | Inches.1 | Inches.1 | Inches.1 Trees. 


4,2 3.8 3.4 3.1 1 
5 5.3 4.8 4.4 ASO er ees ces oe 
6 6.4 5.8 5.4 5.0 3 
7 7.4 6.8 6.4 5.9 2 
8 8.5 7.8 7.3 6.9 3 
9 9.5 8x9 8.4 (es!) 8 
10 10.6 9.9 9.4 8.9 17 
11 17 11.0 10.4 959 49 
12 12.8 12.0 11.5 11.0 96 
13 13.8 13.1 12.5 12.0 180 
14 14.9 14.2 13.6 13.0 367 
15 16.0 15.3 14.7 14.0 389 
16 17.1 16.4 15.8 15.0 401 
17 18. 2 17.4 16.8 16.0 345 
18 19.3 18.5 17.9 17.0 342 
19 20.4 19.6 18.9 18.0 266 
20 21.6 20.7 20.0 19.0 207 
21 22.8 21.8 21.0 20.0 164 
22 23.9 23.0 22.1 21.0 120 
23 25.1 24,1 23.2 22.0 85 
24 26.3 25.3 24.2 23.0 63 
25 27.5 26.4 25.3 23.9 34 
26 28.7 27.5 26. 4 24.9 21 
27 29.9 28. 7 27.5 25.9 25 
28 31.1 29. 8 28.6 26.9 9 
29 32.3 30.9 29. 7 27.9 9 
30 33.5 32.1 30.8 28.9 2 
31 34.7 33. 2 31.9 30.0 1 
32 35.9 34. 4 33.0 31.0 2 
33 37.1 35. 5 34, 2 32.0 1 
34 38. 4 36.7 35.3 S340 hg eee en 
35 39. 6 37.8 36.4 SAN O Aplastic 
36 40.9 39.0 37.5 Bos Ly epee eee 
NOUN LS AEs rs ee cs (NES ee ine ey Nes eat sen eS en 3, 212 


1 Diameter inside bark. 
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TaBLe 35.—Bark width at breastheight of shortleaf pine of different diameters 
and heights in Arkansas. 4 


Height of 5 
Wes eight of tree 
eee 2 ge * 
[ Basis 
breast- Z 
high, 40 50 60 70 80 90 100 110 120 


feet. feet. feet. feet. feet. feet. feet. feet. feet. 


Inches. | Inches.| Inches. Inches.1| Inches.1| Inches.\| Inches.1| Inches. Inches.\, Inches.| Trees. 
8 Z 64 . 50 


75 pie a iat sca) ine eee eer ee Be eee Wee S- SEs cee 2 

9 92 - 82 5 al! 600 | A322 IS. ot BBE ot 8S -|e ce  e 2 
10 - 98 - 88 . 78 AOR) | SoS sh apse SS a SS ee EB Ae ae ee 10 
11] 1.04 BO: 85 Pie | Sees Once oe] Hee Oey er dee ol ee eee 16 
UDA leak) 1.00 aol 81 I> WoBSSE SENG 2 SERS |E S e e 47 
13 | 1.15 1.06 97 87 380 sitet Blo. 1 Son | aeee e 34 
14} 1.20 0 1.02 93 - 85 Si OL. eet eee 49 
15; 1.25 1.16 1.06 97 - 90 Od) oes seeks |! 2 he Se ee eee 44 
16} 1.29 1. 20 1.10 1.01 94 Bo), ol ee eee tates Be eee 2 53 
5 fils Set ae 1.25 1.14 1.05 98 91 “Sosa, 12 2 See ee 48 
Ike) aeeee a. 1.29 1.18 1.08 1.01 . 94 . 88 83) b ese Se 44 
WON Se Se pal oe aoe 1.21 1.11 1.04 9M or 86) [2 ee 113 
20") 22 se pede Se 1.24 1.13 1.06 ooo 94 od Ue ine aes 74 
PANG) a ey ere eee 1.27 1.16 1.09 1.01 - 96 90 . 80 56 
PPAR Es ae eer | Pinata a 1.30 1.18 ieiut 1.03 - 98 92 - 82 36 
DSi |e Se Sas ee hs 1.33 1. 20 1.12 1.05 1.00 94 . 84 47 
DAR) See ease ee toe tel) ors hs eens 1.22 1.14 1.06 1.01 -95 - 86 31 
2b leoeeee ce leseteeed eet 1. 23 1.15 1.07 1.02 - 96 - 87 32 
729) Pee IOS ESES RAP ereSe) Reece 1.17 1.09 1.03 -97 . 89 21 
PY PE 2a Ops EASE ey MAE SRS eee 1.18 1.09 1.04 - 98 - 90 25 
742) ER Ao ane) Dos Raea| See seace] Moonohae 1.19 1.10 1.05 -99 91 9 
DON ce Oe oso See Sates UR et A eeu 1.19 ee 1.06 -99 - 92 9 
BOS see oe See. SES ieee 1.20 1.12 1.06 1.00 . 92 2 
Le ee em ee (pera eas Nearer tet en 1.21 1.12 1.06 1.00 93 1 
274) BSS raars paesser| beter son Soeseauel be seis: 1.13 1.07 1.00 93 2 
65 el eee! Oa eae Ik Reece ae Bete 1.14 1.07 1.00 94 1 
otal. |S. 2 sb Sho ss cect |S. came c a] ese Cogs ceo |e aes aoe a eee eee 808 


1 Double width of bark at breastheight. 
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